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CHAPTER^  1 
INTRODUCTION 
Pe te r Martyn ( l493) s t a t e d t h a t Colmnbus brought 
home Pepper, Capsicum s p . , from America and the red pepper , 
e a r l i e r used by red Indians only , reached every ijook and 
c o m e r of the world by 1600 A, D. 
Genus Capslcua belongs to the t r i b e 'Solaneee 'and 
sub-family ^"Solanoideae"of the family Solanaceae. I t i s a 
small genus' of herbs , some species of which may sometimes 
becomes shruby. I t i s a na t ive of t r o p i c a l Amerlcat Many 
v a r i e t i e s of pepper are available in India and the plants 
of these v a r i e t i e s very in height, s ize , shape, colour and 
pungency of f r u i t . These plants Include bel l-peppers, sweet 
peppers, ch i l l s , , paprikas end pimentoes e t c . Sweet pepper, 
among these, i s l ea s t pur^ent and therefore i t is usually used 
as a vegetable rather than a spice. 
Chills are also medicinally important end are used 
as coun te r - i r r i t an t s in lumbago, neuralgia? and rheumatic 
disorders. I t also shows carminative action in dispepsia 
(Martlndale,l9Al), but if high doses are taken then ch i l i s 
may cause g a s t r o e n t r i t l s . Recently, Monsereenusom ( 1980 ) hod 
reported a dose dependent decrease in the fast ing y blood 
* See Thompson 1949. 
glucose l eve l a f t e r using Capsicum e x t r a c t s . These also 
reduced In t ra -ca rd iac i g lucose- to le rance-curve at 30 and 
45 minutes by 19.656 and 879^ r e s p e c t i v e l y . 
C h i l i s are c u l t i v a t e d throughout t r o p i c s and 
sub t rop i c s . These are genera l ly used as condiment for 
making p i c k l e s . C h i l i i s ex tens ive ly used in India as e 
sp ice . Curry powder i s made by gr inding dry c h i l i s t oge the r 
with o t h e r condiments such as co r i ander , cumin and tu rmer ic . 
Vitamin C i s also ex t r ac t ed from fresh c h i l i s . C h i l i s also 
conta in a very pungent a lka lb id •. cap sa le ine" , having a 
chemical formula C gH^^O-N'. F r u i t s of c h i l i are red due 
to the presence of capxanthein, capsorubln, zeexanthein, 
l u t e i n , c rys toxan the in , carotenes and a few xanthophyll 
molecules. C h i l i seeds conta in alpha-tocopherol (Vi t E ) 
in a concent ra t ion of about 2-A mg p e r 100 gm and o i l 9-13% 
In powdered dry f r u i t s . According to S a s t r i ( l950) the ohem-
i c a l s p r e sen t in lOOgmsvgreen and dry c h i l i s are as followsJ-
Cons t i t u t i on Green c h i l i Dry c h i l l i 
Moisture 82.60 gms 10.00 gm 
Pro te in 2.90 gms 15.90 gm 
Pet 0,60 gm 6.20 gm 
Carbohydrate 3.OO gms 31.60 gm 
Pibre 6.80 gms 0.10 gm 
Mineral ma t t e r 1.00 gms 0.1C gm 
Calcium 0 .03 gms 0.16 gm 
^ron 0.0012 gms 0.027 gm 
Phosohorus 0.08 gm 0.37 gm 
Vit C 111 mg. 50 mg 
Carotener 454 lU 576 lU 
( EVal uated as 
V i t .A) 
Besides the above mentioned const i tuents , occurr-
ence of some t races of Allumlnlum, Barium, Copper, Iron, 
Lithium, Manganese, Sil icon and Titanium have also been reported 
In chill's ( Chr. Engel and de Vrle ' s (i946 )and Lo'pezde 
Azcona e^ £1.. • (l945)« Cobalt has also been reported from 
c h i l l s ( Andryushchenko and Vyrodova, 1981) but I t s quantity 
var ies from cu l t lva r to cu l t lvar . 
Chi l i i s one of the most Important commercial crops 
of India-Genetic experiments in c h i l l s have been mainly l imited 
to evaluations and selections of loca l ly available va r i e t i e s 
and t h e i r hybridizations because of absence of large var ia t ions . 
The absence of a varied genetic stock has l imited the scope of 
t h i s work because select ions can be effective and usefull only, 
when suff icient v a r i a b i l i t y is present in the materiel . But In 
the absence of sufficient va r i ab i l i t y in the nature mutagenesis, 
colchiploldy and hybridizations can Induce the required var i -
ab i l i t y . 
Climatic and soi l requirements of c h i l i s are l i ke 
those of tomato. I t i s a wenn season crop and Intolerant of 
f ros t . But f r u i t development Is adversely effected by e 
temperature of 100 *F and above, (38*C or more ) for the 
production of fruits and seeds. Growing season l a s t s for 5-6 
months. 
Mutagenesis is most Important method for inducing 
a l te ra t ions in the genotype to enlarge the v a r i a b i l i t y of 
q u a l i t e t i v e and q u a n t i t a t i v e cha rac t e r s in a s h o r t e s t 
pos s ib l e time and provides good scope fo r s e l e c t i o n s 
because the v a r i & b i l i t y has been narrowing in c h i l i s 
due to u n i d i r e c t i o n a l s e l e c t i o n s and l i m i t e d tjrpe of 
germplasm. Auerbech's and Robson's works ( i n 1946, 
1947) with mutagens hai^ opened new f i e l d s of research . 
Physical mutagens l i k e X-rays, W - r a y s , 
gamma rays and chemical mutagens l i k e Ethyl Methane 
Sulphonate ( EMS) Diethyl - . Sulphate -• ( DES ),Nitroso 
Methyl. Urea (NMU) Dimethyl • Sulphonate (EMS),Nitroso Ethyl 
Urea ( NEU ) , 5-Bromo-Uracil e t c . are being used for 
inducing mutagenesis . 
Hybridizat ion and poljrploidy has also come up as 
a handy too l fo r tampering with the genotype of the orga-
nisms and f o r inducing the l a r g e v a r i a t i o n s . Induction 
of polyploidy i s also being used for inducing l a r g e v a r i a -
t i o n s in the gene pool ( Behra and Patnaik,* l975) . But 
hybr id iza t ion i s time consuming p rocess , though an Impor-
t a n t tool for Improving c u l t i v a t e d v a r i e t i e s by producing 
hybr ids . Therefore in the case of l i m i t e d germplasm i t 
^ ives us a good scope f o r s e l e c t i o n . 
. Hybridizat ion and polyploidy both provide us impo-
r t a n t handy too l with the help of which we can t r a n s f e r 
de s i r ab l e genes from one p l an t to another. Colchiploidy and 
mutagenesis are processes through which genet ic v a r i e b i l i t y 
of quant i ta t ive as well as qua l i ta t ive charac te r i s t i cs can 
be obtained rapidly. All these methods are very importent 
for the induction of var ia t ions in the plant materials . 
The present study involves the mutation oreeding, 
Induction of colchiploidy end interspecif ic and in te rver i -
e ta l hybridizations for the production of va r i e t i e s which 
are high yielding as well as contain large amount of capsa-
icinej Vit E, Vit C, e t c . There have been some attempfe of 
breeding for developing disease res i s t an t v a r i e t i e s , 
r e s i s t an t to different v i r a l and bec ter ia l diseases, so 
that huge loss of crop can be prevented or a t l eas t reduced 
p a r t i a l l y . 
Following progranme of investigation has been 
chalked out for Improvement of the yield charac te r i s t i cs of 
c h i l i s : -
( i ) Five cul t ivated va r i e t i e s will be studied for 
41 quant i ta t ive and qua l i ta t ive charac te r i s t i c s ( af ter 
Pickersjgl l l et ^ . , 1979). 
( i l ) In tervar ie ta l and interspecif ic hybrizations 
will be made and the hybrids will be studied cytologicelly 
as well as for detecting heterot ic improvements of t r a i t s 
which will be determined by comparing hybrids with t he i r 
parents . 
( i l l ) A comparison of F^,F and F populations will 
be made with respect to the occurrence of va r i ab i l i t y and 
improved qua l i t i e s . 
(iv) Mutants will be isolated, selfed to produce 
Mp and M generations and cytology end cytology and morp-
hology of the plants of M ,M and M generations will be 
studied, 
(v) Later all the mutants and hybrids will be 
tested for resistance to viral, bacterial and fungal 
diseases. 
Resistant and improved hybrids and mutants usefull 
for breeders, cultivators and consumers will be selected 
for release after the required tests. 
CHAPTER- 2 
TAXONOMY FLORAL BIOLOGY AND CULTIVATION OF CHILI 
Capsicum ennuum L, 
2.1 Taxonomy : 
Genus Capsicum belongs to the t r i b e 'So laneae ' be-
longing to the subfamily 'Solanoldeae* of the family 
'Solenaceae* I t I s a smell genus of herbs , some spec ies 
of which may some times become shr^ruby. I t i s a na t ive 
of t r o p i c a l America.Many v a r i e t i e s of pepper are ava i l ab le 
in I n d i a , and p l a n t s of these v a r i e t i e s vary in l e n g t h s , 
s i z e , shape, co lour , and pungency of f r u i t s . These p l a n t s 
include be l l pepper, sweet pepper, c h i l i s papar ika and 
pimentos e t c . Sweet pepper among them i s l e a s t pungent 
and the re fo re i t i s usua l ly used as vege tab le r a t h e r then 
a sp ice . 
The presen t taxonomic s t a t u s of pepper Capsicum 
annuum L. may be s t a t ed as follows : -
Kingdom- - Plantae 
Division - Sperm atophyta 
Sub-div is ion- Angiospermae 
Class 
Family 
Tribe 
Genus 
Species 
-
-
-
-
-
Dicotyledonae 
Solanaceae 
Solaneae 
Capsicum 
(^. annuum 
8 
Botanical desc r ip t ion : 
Habit - Annual, herb, 
Root - Tap root system 
Stem - E rec t , branched, s o l i d , c y l i n d r i c a l , g r e e n 
Leaves - Simple, e n t i r e , oppos i t e , acu te , 
Inf lorescence - Cymose usua l ly a t y p i c a l a x i l l a r y cyme. 
Flowers - Usually pedicillate, hennarphodlte, 
actinomorphlc, regular, hypogynous, 
complete, bracts, and bracteoles are 
absent. 
Calyx 
Corolla 
3 sepals gamosepalous, lobes small, 
persistent and often enlarge in fruits, 
oblong, acute^green, 
5 petals, gamopetalous, rotate, lobes 
oblong acute white twisted or valvate 
aestivation. 
Androecium 5 stamens, alternate to petalSjpolyendrous, 
epipetalous, filaments short anther oblong 
bicelled. 
Gynaeceum 2 ca rpe l s ( b i c a r p i H s r y )^>Syncarpous 
ovary ob l ique ly placed in the f lowers , 
supe r io r , globose, bi locular ," ax i l e 
p l a c e n t a t i o n ; jfttyle simple ha i ry a t the 
ba&e. 
Ovary Super ior , t y p i c a l l y b i l o c u l a r , but in 
ap ica l por t ion i t becomes un i locu l a r . 
F r u i t - Berry, with p e r s i s t e n t calyx, 
Seed 
Germination 
- e i t h e r smooth o r p i t t e d . 
- ep igea l - germination. 
2 .2 F l o r a l Biology : 
The study of f l o r a l biology has now becomes 
e s s e n t i a l f o r an i n t e l l i g e n t breeding programme. Flowers 
of the genus Capsicum are t y p i c a l l y pentemerous, hermaph-
o d i t e with pedice l 10-20 mm long.Calyx i s companulate 
s h o r t l y 5-7 d e n t a t e , r ibbed, 2 mm long and enclosing base 
of f lower ,Coro l la i s r o t a t e companulate, gamopetalous, 
5-7 p a r t i t e 10-20 mm in diameter. Most f requent abnormal i t ies 
of Capsicum flowers are pe ta lo idy- and p i s t i l l o i d y of calyx 
l o b e s , non abc iss ion of c o r o l l a formation of s t a n i n o i d e s . 
10 
pro l i fe ra t ion of stamens, absence of fi laments, protrusion 
of s ty l e s , above l i g h t l y closed pe t a l s , non-abcission of the 
s t y l e s , which remains attached to the ovary and increases 
in s ize as the f ru i t grows and ripens with the f r u i t i t se l f , 
taking on the colour typical of f r u i t . 
2 .2.1 Anthesis : 
The opening of flowers is adversely effected on dull 
and wet days but in long spells of bad weather flowers do open 
Anthesis is completed in the morning by 8-9 A.M. and most flowers. 
Shed their pollen at 9.00 A.M. The rythm of floweiing and total 
number of flowers produced per plant may vary enormously according 
to the genotype. 
2.2.2 Pistil and Recentivitv of Stigma : 
Pistil has an ovary with longitudinal diameter of 2*3 mm and 
a transversal diameter of 1.5-5«0 mm, containing 2-4 carpels, style 
has 3.5 to 6.5 mm long, a capitate, lobed or papillate stigma with 
a mean diameter slightly greater than that of style is present. 
Receptivity of Sligma varies with temperature during 
anthesis. It is highest on the day of anthesis, when the anthers 
are fully developed but are still indeohisced and corolla is still 
closed but is above to open and it lasts for a maximum of 4-7 days 
and 5-9 days after emasculation at white bud stage. 
2.2.3 Anthers microsporogenesis and -pollen grain : 
There are 5-7 stamens per flower. They have 
filament 1.8-3.5 mm long with anthers 1.2-2.0 mm wide and 
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2-4 mm long. Dehiscence is l a t e r a l along a l i ne running the 
whole length of the anther. A noraally f e r t i l e flower may-
contain 1.0-1.5 mgmof pollen grains . 
2,3 Cultivation : 
2 .? . 1. Soil and i t s preparation : 
Chil i i s a crop which i s grown a l l over the 
India. I t i s cul t ivated on a loamy soi l having 0.2 ppm 
solution of phosphate and watered at 0.33 bar. I t should be 
i r r iga ted l i g h t l y before sowing to maintain proper moisture 
content in subsurface of soi l during seed-germination. In 
the sal ine soil the yield is reduced very rapidly with the 
increase in the concentration of Na and Ci" ions. Before 
the commencement of the rainy season, the f i e ld i s thoroug-
hly ploughed to ensure maximum soi l aeration and i t also 
helps to eliminate the weeds. 
2.3*2 Manuring : 
The best Nitrogen f e r t i l i z e r dose for high 
pepper yield is 22A kg/ hac. The application of farm yard 
manure increases the chlorophyll content of leaf and 
r e su l t s in to early germination and growth of seedlings. 
Farm yard manure 200 kg/hac with phosphate granules 2kg/hac 
increase, the yield of pepper (Shinde and Yaedava 1982). 
The highest uptake of macronutrient by c h i l i plant takes 
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place between 50-70 days af ter t ransplantat ion (Mil ler , 
Mccollum andC-leimon (i979). Addition of K and NPK to the 
soi l increases the yield of c h i l i , with high level of 
N and P doses the pr.oductivllyof pepper plant was high 
with higher protein , ascorbic acid, end capsaicine content. 
Maximum yield of be l l pepper can be obtained with the appl-
icat ion of 200 IbN/acre.Anmonium aulphate is the best 
source of N for c h i l i plant and increases v i t E, B, end C, 
great ly while Vit E increases on the application of any 
nitrogen source. 
2 .3.3 Fol iar f e r t i l i z a t i o n : 
Pepper plant gives very high yield with a 
root f e r t i l i z a t i o n of 19.6 gn^L and f o l i a r spray of \jrea 
increases the yield and ascorbic acid content of sweet 
pepper ( Nowak 1980 a) . 
2.3*4 Sowing ; 
Timely sowing of c h i l i crop is important for 
get t ing good and healthy seeds. The choice of a sowing 
pat tern depends on many features of crop..The seeds are'sown in 
thoroughly ploughed f i e ld to ensure maximum soil aeration, 
so i l should be i r r iga ted l i g h t l y . Spacingolthe crop plants 
should be done properly, 
2.3.5 I r r iga t ion : 
KfiLys.; Johnson, and Jaworkshsi (1976) have 
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t r i c k l e I r r iga t ion , mulching and soi l funigation for very 
high yield. Effect of flooding and poor drainage on the 
growth of Cgpsicum annuum var . "longum** was reported to 
be poor growth, yellowing of leaves , blackening of the 
root t i p s , development of brown to black deposits on the 
roots t i p s , d i s t inc t swelling at the Junction of root and 
shoot, development of greater amount of cor t ica l a i r spaces 
in the roots , increases in t he i r diameters/and very low 
survival and harvest in flooded soi ls . Plantsgrown in well 
drained soils showed best growth, Jhey s tar ted flowering 
when ten weeks old .They could survive short-term flooding 
but were sensi t ive to prolonged flooding. 
2.3,6 Temperature Effect : 
Niiwik Cl98l) found tha t the day temperature 
of 25'C increases the to ta l leaf area and dry weight in 
pepper. Rylski and Spigelman (l982) reported that a night 
temperature of 15*C with a day temperature of 24* to 28'C 
was the best for f r u i t se t t ing and production of higher 
number of f r u i t s per plant . 
2.3.1^ Storage : 
Coleman et al (l979) reported that solar dried 
and.hot a i r -dr ied green pepper^showed rapid reduction in 
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Vltffnin"C'.' content at 21»C to 30"C. Tonelli et ^ ( l 9 8 l ) ; 
reported that storage of green sweet pepper at 85-90 % 
r e l a t ive humidity and 10'C temperature resulted in. to l eas t 
deter iorat ion in the quali ty of the pepper f r u i t and most 
favourable storage temperature was found to be 20*C, 
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CHAPTER- 3 
REVIEW OF LITERATURE 
3.1 Origin end taxonomlc r e l a t i o n s h i p : -
3 .1 ,1 General: 
Red peppers ere popular today in Centra l America 
and Andean h ighelands . Many spec ies ere also found in South 
Asia. According to many taxonomists New World i s the main 
Centre of i t s o r i g i n , Dpled c h i l l - p o d s have been discovered 
from the tombs in Peru and are be l i eved to be more than 
2,000 years o ] d ^ s t a l e d by Staf ford Cl926). Red peppers were 
popular as a food condiment among the red Indians . C h i l i s 
were not used as e s s e n t i a l element of food o r as condiment in 
o ld world,*Decondolle (1886) held t h a t l a ck of food reference 
of t h i s genus in ancient l i t e r a t u r e , ' was a s u f f i c i e n t proof 
t h a t c h i l i s wei^ hot used in t h a t pe r iod . The cen t e r s of the 
d i v e r s i t y of the c u l t i v a t e d peppers (Capsicum annuum ) i s 
Mexico and Guatemala and of C. f ru tescens Cboth v a r i e t i e s 
l i k e c u l t i v a t e d and wild ) i s Central and South America. 
According to Vavi lov ' s theory these a reas . ' are c e n t e r s of 
the o r i g i n of CaPsicums^Bukasov. 1930); Smith and H e i s e r , 
(1957 b ) . I t i s sa id t h a t pepper was brought to the old world 
in 1493 by Columbus (Boswell , 1949); Portugese introduced 
*See Thompson i949. 
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Capsicum to India from Brazi l . I t was reported from China 
during the l a s t quarter of the I7th Century ( Stur tevant , ia85) . 
3.1.2 Species and Variet ies and the i r Recognition: 
•Linnaeus (l753) in the f i r s t Edition of Species. PI ant-
arum "reported that there were only two species of Capsicum and 
three more species were added l a t e r Kl797) . After some years l a t e r 
100 species and v a r i e t i e s of c h i l i were recognised by 
Fingerhuth Cl832;*Irish (l898) recognised only two species v iz . 
Capsicum annuum and Caosicum frutescens and he l i s t e d a l l 
botanical va r i e t i e s under Capsicum annuum but after some times, 
(during 1924) Bailey recognised only one species with 5 botanical 
v a r i e t i e s . Smith and Heiser Ci95l) included a l l types of 
v a r i e t i e s under Capsicum annuum. They l i s t e d pungent var ie ty 
*Tobasco • and some other va r i e t i e s under Capsicum frutescens. 
Bailey C1924) has divided Capsicum frutescens in to following 
5 groups, 
1. Group "Cerasiforme"; Cherry pepper C pungent). 
2. Group "Conoides": Con-pepper with pungent and conical or 
oblong cyl indr ical f r u i t s . 
3. Group 'Fasciculatum': Red-clustre having erect fascicled 
f r u i t s , about 3" long and 1/4" thick, red and extremely 
pungent. 
*See Thompson 1949. 
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4 . Group 'Longum*; Long pepper having drooping elongated 
pungent f r u i t s , ranging from 3-12" long and t ape r ing at 
apex including commercial v a r i e t i e s l i k e long- red , long 
yellow end c h i l i cayenne. 
5. Group *Grossum*; Bell or sweet-pepper having a l a r g e 
puffy depression 6t the base of f r u i t and furrowed s i de s , 
red or yellow coloured and has mild f lavour , 
3 .1 ,3 Origin of species and v a r i e t i e s and t h e i r i n t e r r e l a t i o n -
ships ; 
P i c k e r s g i l l ( l 9 7 l ) h o l d s t h a t C,annuum. C. hnccptum end 
C,chinen3e has been domesticated independently from wild forms. 
That i s why, each of these has a r e s p e c t i v e wild ances tor , 
^•g»» 2» chinense has wild p l a n t s which can be i t s 
ances to r s , C, f ru tescens also has a wild form which has been 
maintained as d i s t i n c t species while wild and c u l t i v a t e d forms 
wi th in C, annuim and £. baccatum are d i s t ingu i shed at v a r i e t a l 
l e v e l only. 
D i s t inc t ion between wild peppers with sma l l , e r ec t 
end deciduous red f r u i t s end domesticated peppers with l a r g e 
pendent non deciduous f r u i t s of va r ious colours i s f a r from 
c l e a r cu t var ious in te rmedia te , types occur which have r>m8ll 
e r e c t non-deciduous f r u i t s or l a r g e pendent deciduous 
f r u i t s . These Intermediates are very frequent in C.annuun and 
and C, chinense • These are not occasional chance 
hybrids but we l l - e s t ab l i shed types , . Some wild 
forms of Capsicum annuum can not be d i s t ingu ished from 
C, f ru tescens and some domesticated peppers can not be 
included e i t h e r in domesticated C, ennuum or domesticated 
C. f ru tescens . Some forms have c o r o l l a s q u i t e d i s s i m i l a r 
to those of £. ennuum. C. chinense , o r C, f ru tescens 
( P i c k e r s g i l l , Heiser , and Mc Nei l l 1979). B a r b a r a , P i c k e r s g i l l ; 
C.B. Heiser and J . Mc. Nei l l ( l976) (See "The Biology end 
Taxonomy of the Solanaceae 197§) have divided c u l t i v a t e d 
Capsicums in to 5 species and four groups v i z . 
Ca) domesticated C. pubescens Fluit, Z end Pav., 
( b ) domesticated C. beccetum L , . 
( c ) domesticated C, annuun L , , and 
(d ) domesticated Complex of C. chinense Jscq-C. 
f ru tescens L. 
According to them the c u l t i v a t e d and domesticated form of 
C, baccatum has been derived from the wild forms of the 
same spec i e s . Generally the spec ies of capsicum have seme 
chromosome number Le 2n=24 and t h e i r bas ic caryotype c o n s i s t s 
of one p a i r of ac rocen t r i c chromosome and eleven p a i r s of meta 
and submetacentric chromosomes. This bas ic caryotype i s found 
in C, chinense , C. f r u t e s c e n s . f ru tescens l i k e wild Capsicum 
annuum. Costa, Rican wild C. annuum and several o the r wild 
forms of C, annuum. But domesticated C. ennuum has a d i s t i n -
c t i v e caryotype with 2 p a i r s of ac rocen t r i c chromosomes. I t 
i s found in wild C, ennuum of Centra l Mexico. The second p a i r 
19 
of ac rocen t r i c chromosome seems to have a r i sen as a 
r e s u l t of an unequal r ec ip roca l t r a n s l o c a t i o n , between 
two of the p a i r s of meta or Submetacentrics in the bas ic 
components (Koompai; 1976 ; P i cke r sg i l l , unpub l i shed ) . 
Translocat ion heterozygotes produced by appropr ia te 
c rosses between wild and domesticated or within wild forms 
of C. annuum have t h e i r 30-50 % reduced po l len s t a i n e b i l i t y . 
Thus t he r e are s t e r i l i t y b a r r i e r s with in C. annuum as marked 
those between C, chinense and C, f su tescens or between wild 
C. annuum (See P i c k e r s g i l l , Heiser and Mc N e i l l , 1979) 
I t seems t h a t immediate ancestor of the presen t day C.annuum, 
C,chinense, C, f ru tescena group was a v a r i a b l e complex 
of wild forms car ry ing the bas ic caryotype and perhaps 
was s imi la r in appearance to f ru te scens l i k e wild 
C, annuum found today. This probably occurred in 
Southern North America, Central America end V/est Ind ies . 
Perhaps i t was se l f -compat ib le and occurred in s m e l l , d i s t a -
n t l y placed, popula t ions and the re fo re did not permit i n t e r -
popula t ion gene exchange. This r e s u l t e d in to development 
of typ ica l wild C, ennuum, wild C, chinense end wild C, 
f ru tescens* From t h i s complex of p a r t i a l l y d i f f e r e n t i a t e d 
wild forms, the domesticated peppers developed by indepen-
dent domestication of l o c a l wild peppers in Mexico 
(C.annuum ) South America ( £ . chinense ) and Mesoanerica 
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(C. f ru tescens ) . According to J.Mc, Leod, Guttamen, 
Hardy end Eshbeugh ( l982) s tud ied evolut ion of c h i l i 
peppers . According to them genus capsicum i s a complex 
of 20-30 wild spec ie s , and 5 domesticated t e r a . They 
hold t h a t genus with a l l i t s spec ies , excep t one, v i z , 
C. ansmolim (Eshbaugh ,1980), i s of New world o r i g i n , 
;jhey s t a t e d t h a t domesticated texa and assoc ia ted wild 
spec ies could be organised in to 3 groups, one pu ro l e . 
flowered group includes C. c e r d e n a s i i . C. exlmium and 
C.pubescens; one white flowered group includes C. 
baccatum var . baccatum, C, baccatum. v a r . pendulum 
and C. preetennissun ; the second white flowered group 
includes C. annuum v a r i e t y a v t c u l a r e , C. annuum var , 
onnuum, C. chir>ense and C.f rutescens L. .H6wever"based 
upon breeding and e l e c t r o p h o r e t i c da ta , C.checoense with 
white f 1 owers^doesriot f i t in to any one of the recognised 
groups. According to Mc Leod ejt rf^., ( 1982) C, chacoense 
i s d i s t ingu i shed g e n e t i c a l l y from a l l these groups yet 
i t i s c l o s e l y r e l a t e d to the purple coloured flowered 
group of C. pubescens and i t i s equa l ly d i s t a n t from both 
white flowered groups. Egawa and Tanaka ( l984) s tud ied 
cytogenet ic r e l a t i o n s h i p among 3 spec ies of c h i l i peppers 
v i z . ^ C .ch inense . . £ . f ru tescens and C, baccatum by 
studying t h e i r i n t e r s p e c i f i c and i n t r a c s p e c i f i c hybr ids . 
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In a c ross between C, beccatum X C, f ru tescens 
a t MI of PMC, chromosome pa i r ing was r egu l a r with 12 
b lva lents . . arid ^ average v i ab le po l l en g ra ins were p r e sen t , . 
The average chromosomal d i s t r i b u t i o n of the hybrids showed 
I ( 0 . 8 7 ) , I I ( 1 0 . 2 2 ) , I I I ( 0.31)1111 (0.3A) and I I I I I IC0 .O6) . 
S imi la r ly the hybrids between C. chinense X C. f ru tescens , 
a lso showed twelve bf^valents and r egu l a r pa i r ing of chromo-
somes with the average of 0.06 I and 11.97 H . Thej appear 
not to be d i s t i n c t spec ies but a s i ng l e spec ies with 2 
v a r i e t i e s . I t also shows t h a t these 3 species had common 
ances to r s hu t C. baccatum had der ived e a r l y from the ances-
t r a l s tock. 
3 .1 .4 C h a r a c t e r i s t i c s of wild and Cu l t iva ted Species :Pollowinf^ 
pre some of the ipure wild species e .g . C. c a r d e n a s i i . £ . 
comutum , C, exlmium C, galapogense. C, chacoense. 
C, geminifolium. C. mihutifloruin C. preetermissum. C. 
schotti^num and C. scc^nikianum ~ as i d e n t i f i e d by 
(Hunziker, 1950, l95A^ l 9 6 l . b , Heiser and Smith, i958, , 
Eshbaugh, 1964). Jhese occure throughout the c e n t r a l and 
south America. But o t h e r workers l i k e L ipper t , Smith,and 
Bergh ( l966) d i s t ingu i shed 12 wild and c u l t i v a t e d spec ies e .g . (a ! 
C.chinense. (b) C . f ru t e scens . ( c ) C.galapogense. or (d)C. 
annuum. ( e ) C, schottianum (g) C, microcarpum.or C. 
pendulum. (h)C.eximium. ( i ) C.preetermissum. C.scolnikianum. 
They described following morphological cha rac t e r s d i s t i n g u i -
shed these twelve spec ies ( Tabic I ) . 
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3.2 .1 Cytology : 
No. of Chromosomes: 
Chromosome number of Capsicum sp. as reported 
by Husklns and Le-Cour ( l 9 3 0 ) , was n = 12. The same has 
been confirmed by severa l workers. ( Dixi t ( l 9 3 l ) ; 
Yamamoto and Sakai ( l932) ; Tokunaga ( l 9 3 ^ ) ; Raghavan end 
Venkatasubhan ( l9A0); Pal £ t al ( l 9 4 l ) ; Chennaveeraieh 
(1947) ; Schnack and coves ( l947) ; Sinha ( l 9 5 0 ) ; Vazart 
( l 9 5 0 a , l 9 5 l ) Ohta ( i 962a , l962c) ; Eshbaugh (1964) . Kaustoff 
(1926) reported n = 6, by mistake ( Dixi t ( l 9 3 l ) Raghauvenshl 
and Josh i ( l964) confirmed n = 12 in C. f ru tescens while Ind i ra 
and Abraham ( l977) and Khan and Slddiqui ( l 9 8 l ) confinned the 
same fo r C. ennuum, 
3*2.2 Chromosomal dimensions, caryotypes and abnormal i t ies ; 
Chromosomal s i ze s have been repor ted to be small by 
Chr is tensen and Bamford (1943) and Marks ( l952) but l a r g e by 
Sinha ( l 9 5 0 ) . The chromosomal s i z e s a t meiotic metephase, were 
found to be nea r ly 4 .1 Aim long 0 .5 .>um in diameter and 
having a volume of 184 JUm^ (Vazar t l950a) . At the end of 
prophase th€ shapes of chromosomes were found to be rod-shaped, 
U-shaped, V-shaped, o r J-shaped, with prominent primary cons t -
r i c t i o n s (Sinha, 1950; Vazart , l950a) . Two SA"T-chromosomes 
have been discovered by Dixi t ( l 9 3 l ) and Vazart ( l950a) in 
the somatic c e l l s of C. annuum while Sinha t l950) and Ohte 
( 1962a, l962c) found only one SAT-chromosome. 
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Karyotopyes of C. snnuum and o the r species have 
been reported by many workers ( Vazar t , l950b;Ohta 1962 b , c ; 
Carluccio and Saccardo, 1978; Chennaveeralah, 1947; Sinha, 
1950). Ohta ( l962a , l962c) divided s ix spec ies of Capsicum into 
four karyotypic groups. This c l a s s i f i c a t i o n was based upon the 
presence or absence o r number of s a t e l l i t e s and secondary 
c o n s t r u c t i o n s . Smith and Heiser ( l957a) and Hirose e t e l . , 
( i 960) s tudied the c r o s s - c o m p a t i b i l i t y r e ac t i ons by making 
i n t e r s p e c i f i c c rosses and found t h a t spec ies groupings of the 
karyotypes correspond c l o s e l y to c r o s s - c o m p a t i b i l i t y reactionfi. 
Melosis has been repor ted to be normal with 12 b l v a l e n t s in 
C. annuuro (Huskins and La-Cour, 1930 ; Dix i t , 1931; Pal e_t _ ^ . , 
1941; Vazart , 1951). Vazart ( l950b, 1951) reported tht^t the 
diameter of the n u c l e i was to^ ioyum and volume 580 Aif^ and i t 
was s l i g h t l y l a r g e r than t h a t of merlstematlc nuc le i which had 
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a diameter of 9>um and volume of 380/um-^ in C. annuum. Melosis 
i s nonnal in the po l l en mother c e l l of C. f r u t e scens . Chlasmeta 
formation i s l i m i t e d to achromatic regions and maximum of 3 
chiasmata pe r b i v a l e n t has been repor ted ( Abde-el and Maksood 
Mohmed, 1953). Zatyko and Moor ( l973) a lso descr ibed d i f f e r en t 
v a r i e t i e s of red pepper. Swaminathan £ t e l , , ( i959) observed 
t h a t nea r ly a l l b l v a l e n t s are of r ing- type with chiasmata 
in both arms. They a lso repor ted i r r e g u l a r i t i e s during mlcros-
porogenes ls , 
3»2.3 Induct ion of Meiotlc abnonna l i t i e s : 
Kalovkyan ( l968) has repor ted the frequent occurrence 
of fragmentation and br idge formation in C, annuum a f t e r the 
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t rea tment with n i t r o s o - e t h y l -u rea (NEU ) and ni trosomethyl 
urea (NMU). I l l i e v a and Molkhova ( l975) repor ted the e f fec t of 
gamma i r r a d i a t i o n on the microsporogenesis of C. annuum a f t e r 
the aTjplication of doses of 0 . 3 0 .5 1.0 and 1.5 Kr during the 
per iod of d i f f e r e n t i a t i o n of po l l en mother c e l l s . The process 
of meiosis was stopped a t d i f f e r en t s tages as a r e s u l t of 
exposure of the ma te r i a l to d i f f e r e n t doses of i r r a d i a t i o n . If 
the sp indle was broken a t Metaphase I , the chromosomes showed 
s t r u c t u r a l changes connected to the fonnat ion of fragments, 
b r idges e t c . even a t the lowest i r r a d i a t i o n doses. Lakshmi and 
Baparao ( i977a) have reported 95 % cytoraixis in the c h i l i hybrids . 
At d i a k i n e s i s 3 to 101 chromosomes were v i s i b l e with mul t iva len t s 
of up to s ix chromosomes. Subhash and Nizam (1977)repor ted t h a t th 
increas ing dose of X-ray i r r a d i a t i o n r e s u l t e d in to the formation 
of increased number of m u l t i v a l e n t s , fragments, b r idges , micro-
n u c l e i . I t also r e s u l t e d in to mul t ip l e spindle fonnat ion in 
C, annuum. \ 
Nagalla, Lakshmi, Baparao and Nagalla ( l977) have 
repor ted p a r t i a l d^synapsis of mutants obtained from X-ray and 
EMS t r e a t e d M. popula t ion of G. annuum • I t showed v a r i a b l e number 
of un iva len t s (2-24) a t d i ak ines i s and metaphase-I . X^ray i r r a -
d i a t i o n produced more anamolous c e l l s than t rea tment with EMS, 
Kat iyar (1977) descr ibed desynaptic behaviour 
in a v a r i a n t , i s o l a t e d from a v a r i e t y of C, annuum with e r e c t l y 
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o r i e n t e d f r u i t s , fol lowing 20 I4i gamma I r r a d i a t i o n s . I t showed 
melot lc I r r e g u l a r i t i e s l i k e mlcronucle l , minia ture polyspory 
and gametes with gene t i c imbalance. 
Kat lyar (1978) has repor ted t h a t the i r r a d i a t i o n 
of dryseeds of C, annuum with gamma rays a t 5,10,15 and 20 Kr 
l e v e l showed abnormal chromosomes with s t i c k i n e s s , clumping, 
a l t e r e d a s soc i a t i on , breakage, b r idges , unequal segregat ions 
laggards and abnormal microspores . They also s t a t ed t h a t with 
the Increasing dose of gemma rays po l l en s t e r i l i t y increased 
and abnonnalies p re sen t were much more in M genera t ion than in 
Lakshmi and Rao ( l978) described chromosomal 
Interchange In a yellow f r u i t e d v a r i e t y of pepper, A t r an s loca -
t i o n heterozygote of C, annuum L. (2n = 24) with an assoc ia t ion 
of four non-nuclear chromosomes showed vigorous growth but 
i r r e g u l a r meiosls and po l l en s t e r i l i t y of 83.59^. Cawood Ci980) 
repor ted in Capsicum the aggregation of chromosomes into a 
syn i ze t i c knot during zygotene and the delayed c o n s t r i c t i o n 
of chromosomes during a diffuse s tage a f t e r pachytene. 
Meshram, Narkhede and Deshmukh ( i 9 8 l ) repor ted 
spontaneous mul t ip le t r a n s l o c a t i o n s In Capsicum annuum. I t 
was a hea l thy p l an t with broad green l e v e s and l a r g e f lowers . 
At metaphase, 1st r ings of A and 8 chromosomes end chelns of 
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A,6,8 ,10,12 and 18 chromosomes were observed. Non-disjunct ion, 
l agga rds , chromatin br idges and i r r e g u l a r d i s t r i b u t i o n of 
chromosomes we^ observed a t abaphase I and t h i s r e su l t ed into 
90-10096 s t e r i l i t y in p o l l e n . 
Dimitrov ( l 9 8 l ) has repor ted t h a t caf fe ine decreases 
the gaps caused in the chromosomes by a lky l a t i ng reagents l i k e 
N-ni t roso N-methyl- urethene o r by gamma rays . 
Ablda, Kuriachan and Kuriachan ( l983) have der-cribed 
spontaneous interchange heterozygote in C, chinense with hh.U% 
po l l en s t e r i l i t y . They a lso showed 10^1 + J r ing o r chain of 
4 chromosomes or 10II +1II I +1I o r I 1 I I + 2l in add i t ion to 
c e l l s with 12II . Out of the 12 p a i r s of homologues, the re was 
one homomorphic and a second heteromorphic p a i r of s a t e l l i t e d 
chromosomes. Perfiaps the smal ler of the heteromorphic p a i r of 
chromosomes was the norroal and during the interchange a small 
s a t e l l i t e d p a r t of i t s homologue sh i f t ed to another non-
s a t e l l i t e d c e n t r i c p a i r of non-homologous chromosome from 
where a l a r g e r segment came beck to i t s homologue producing 
the l a r g e r member of the heteromorphic p a i r . 
Wagner (1983) has described Vascular apparatus r e s -
pons ib le for druse c r y s t a l formation in Capsicum annuum. Sadan-
andam and Subhash ( i983) reported desynapsis in a mutant 
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g.ennuum which was produced by treatment with DES end showed 
72 percent pollen s t e r i l i t y . This charac te r i s t i c was controlled 
by a single recessive gene. 
Sadenandam and Subhash (l985) reported tha t eneup-
loldy was Induced following AO Kr I r radia t ion in Capsicum with 
highly Irregular melosls, variable chromosomal association at 
dlaklnesls^lagglng chromosome at anaphase I and appearance of 
mlcrocnuclei at telophase I I , Kumar, Aniel and Rao (i985) 
reported great melotlc abnormalities from the desynaptic plants 
of C, frutescens isoleted from natural population ; th i s plant 
showed reduced pollen f e r t i l i t y , 
Kumar, Anlel, Pandei and Raja Rao (l985a) noted the 
mode of bivalent formation in a desynaptic mutant of c h i l l and 
found that frequencies of pollen mother ce l l s with different 
numbers of bivalent s ignif icant ly deviated from those expected with 
a normal d i s t r ibu t ion . This desynapsls in the mutant was contro-
l l e d by a recessive gene. 
3.2,4 Chromatin Extrusion i 
Lakshml and Bapa Rao, (.1986), studied the effect 
of temperature, f ixa t ive , division stages, and genotypes on 
the manifestation of the phenomenon of chromatin extrusion in 
c h i l i . 
28 
3 .2 .5 Changes In rlbosomal content of f r u i t : 
Gounaris £ t ^ (.1986) reported disappearance of 
rlbosomes during conversion of ch lo rop laS t to chromoplast . I t 
was noted in the development of c h i l i f r u i t from green to red 
f r u i t e d condi t ion . 
Kumar, Aniel , Panda and Rao ( l987a) reported t h a t 
a u t o t e t r a p l o i d s of C, ennuum showed cons iderable decrease in 
chiasmata frequency toge the r with l aggards a t anaphase I or I I . 
Seed and po l len f e r t i l i t y was very low, 
Kumar, Aniel Panda and Raja RaoCi987)studied h ib r id s 
between C, ennuum v a r i e t y G_ X and C, f ru tescens veriety"tobciSco>' 
• ( H ^ ) and another c ros s between C. f ru tescens and C. ennuum 1 "* ———— 
v a r ^ e r a c i f o n n l ^ ' ( H )jThey found t h a t pa ren ta l spec ies d i f f e r 
from each o the r by 2 t r a n s l o c a t i o n s one invers ion and some 
minors s t r u c t u r a l a l t e r a t i o n s . Mciotlc i r r e g u l a r i t i e s and pol len 
and seed s t e r i l i t i e s were higher in the hybrids obtained in the 
f i r s t c ross CH ) , probably due to d i f fe rences in respec t of 
t h e i r c rossab le r e l a t i o n s h i p chromosome pa i r i ng and f e r t i l i t i e s . 
Pande, Aniel , Rao Cl987h) reported desynapsis 
was introduced in a c h i l i v a r i e t y ' c e r a c i f o n n i s ' of C. ennuum 
a f t e r t r e a t i n g i t with co lch ic ine showing r egu la r pachytene pa i r ing 
but a t Metaphase I i t showed high frequency of un iva len t s which 
r e s u l t e d in to high frequency of s t e r i l i t y . 
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Meshran and Patl l ( i987) reported meiotic anomalies 
and chromosomal s t ickiness in c h i l i C.ftnnuum durinfg microsporo-
genesis due to the effect of EMS, DMS and acrid juice of mango. 
In EMS 0.296 concentration, percentage of PMCs with univalents-
multiLvalents association was 'hlg^. More chromatin bridges 
laggards, spindle abnormalities and micronuclei were produced 
with higher concentrations and longer duration of treatments. 
3.3, Genetics : 
Genetics of different species and cul t ivated va r i e t i e s 
of Capsicum has been studied by many workers with regard to 
v a r i a b i l i t y , h e r i t a b i l i t y , se lect ion, genetic advance, correla-
t ion of some charac te r i s t i cs and breeding behaviour. 
3.3» 1 General : 
Smith and Heiser ( l957a) studied breeding behaviour 
of some cul t ivated peppers; Morgan, Jr.(1960) studied the genetic 
control of polyploidy in C. f rutescens. Ranaanujam and Tiruraalchar 
(l967) found considerable phenotypic and genotypic v a r i a b i l i t y 
in red pepper. Betlach and Vytopil,(i970) and S i i v e t t i and 
Giovannelli, 1976 ) , studied quant i ta t ive chara t te r s l ike plant 
height, leaf number, number of f r u i t per p lant , f r u i t s ize , average 
f r u i t yield per plant and many other characters of sweet pepper 
v a r i e t i e s which showed v a r i a b i l i t i e s due to dominance of some 
and overdominance of other characters . 
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Jo e t e l . , (1973) made corre la t ion studies and 
Dikki and Anekeenko (1973) studied the problem of restoring 
f e r t i l i t y in stemen-less forms of pepper and found that 
new f e r t i l e forms, thus obtained differed from normal f e r t i l e 
v a r i e t i e s in the completeness of anthers, Rao, Jaisvani and 
Patel (l974) found phehotypic and genotypic associations among 
days to flower, days to pod maturity, f ru i t se t t ing ab i l i ty 
In summert numbers of pods per plant and yield of green and 
dry pods per plant in c h i l i . Frui t se t t ing ab i l i t y in summer 
showed high correla t ion with green pod yield and influenced 
t o t a l f ru i t yield through days to flower and days to pod 
maturity, Zubrazycki, Pahlen and Yonder (1974) found that 
six genes were linked in pepper these are-
(1) m (marbled leaves ) 
(2) anv ( e l i p t i c a l cotyledons and long narrow leaves ) 
(3) div-3 (seedlings with diverse charac te r i s t i c s ) 
(4) aur (golden cotyledons and leaves ) 
(5) dvg (deformed undulate leaves, green with yellow spots ) anc 
(6) br l (control l ing stem elongation, leaf shape, size and 
colou^, 
Arya and Saini (l976) observed high value of genetic 
advance for f r u i t yield in Capsicum with f ru i t - s i ze contributing 
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towards f ru i t yield maximally while close association was 
found between frunlt-size and stem thickness and plant 
height and f ru i t number respect ively. They also noted that 
plant height, leaf length, f ru i t weight, and f ru i t number were 
negatively correlated with yield. High h e r i t a b i l i t y estimates 
were found in bell-oeopers for fruit-numtoer per plant and 
f r u i t yield. 
Lee (l976) found that characters l i ke high yield, 
diameter of stem, number of f r u i t s per plant and f ru i t 
weight^.responding to ^ selections in c h i l i , Awasthi, Joshi 
and Ghildiayel (l976) estimated for c h i l i s , high genetic 
advance for plant height, f ru i t - length and f r u i t yield. 
High h e r i t a b i l i t y but lower genetic advance indicated non-
additive - gene effect for number of branches ^per plant , 
f ru i t diameter and average fruit-weight but f r u i t number per 
plant showed average he r i t ab i l i t y . Rocchetta et aUC 1976)> 
during the study of re la t ionships among yield, weight, 
number of f r u i t s per plant and other phenotypic charac ters , 
showed that yield depended fundamentally upon weight and 
number of f r u i t s per plant . 
Combining ab i l i t y and reciprocal differences, studied 
through d ia l l e i c crosses, showed reciprocal effects for some 
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cheracters like days to flowers, number of fruits per 
plent and days to maturity. Singh and Singh (1977 a.c) 
concluded that plant height, days to maturity , number of 
fruits per plant, yield per plant and number of branches 
per plant, all appear to be under the polygenic control 
end are influenced pertly by the environment. 
They found genetic advance high for number of 
fruits per plant and yield per plant but environmental 
component of total variability was very low for fruit 
length, fruit thickness and days to flowering. 
Singh and Singh Cl976,b,c,e,l978a) found additive 
dominance and environmental variance present in varying 
proportions for number of branches, days to flower, days 
to maturity, fruit length, fruit thickness, fend fruit number. 
Yield showed positive heterosis while plant hight showed 
negative heterosis. All these characters showed high general 
and specific combining ability. They also studied F^ and Fp 
generations of inter-varietal hybrids of chill and found 
seven yield components giving yield 10?b higher then that 
predicted on the basis of selection. Some of these components 
were days to flowering, fruit length, and number of fruits 
per plant. 
Chang (l977) studied 12 varieties of chili and 
found great significant variation in them for plant height, 
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number of branches per plant , f r u i t length, f ru i t thickness, 
days to f i r s t flower, days to maturity of f r u i t s , to ta l 
number of flowers end yield. High h e r i t a b i l i t y estimates 
were observed for height, days to flower, days to f i r s t 
maturation of f r u i t : and s talk length. Yield was found to be 
posi t ively correlated with f ru i t weight, t o t a l number of 
flowers, f r u i t number and s ta lk length, 
Al-Hamidi, Gengaihi and Shalaby (l977) also made 
v a r i a b i l i t y and h e r i t a b i l i t y studies in C.frutescene while 
Arya and Saini (l977) made v a r i a b i l i t y Studier on salad-type 
pJ^pp r^; and fourid genetic advance for f rQl t 'y ie ld per plant f ru i t 
s ize and f ru i t number per p lant . 
Gi l l , Asawa, fhakur and Thakur (l977) made correla t ion 
studies In C. ennuum var. "grossum" and found that selection 
for high yield should mainly be based upon the number of f r u i t s 
per plant . 
Mehra and Peter (l980b) showed genetic advance in 
Chi l i through select ions for yield, primary branches per plant, 
f r u i t number per plant , fresh weight of pods and seeds end dry 
weight of pods. He showed that s t ra igh t selection was superior 
to the select ion through discriminant functions based upon 
f r u i t length, f ru i t g i r th , locules per f r u i t and seed weight 
per pod. 
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Sundsram, Remakrishnan, Renganathen and Ramalingam 
(l980) found great genetic and geographic d ivers i ty in 50 
va r i e t i e s of C, frutescens , mostly contributed by number of 
branches and number of f r u i t s per p lant . Rgmakumar, Ramechandran 
'Jlirthjr and Durga Prasad ( l98l ) found high h e r i t e b l l i t y valuer 
and genetic advance for plant height,numoer of f ru i t s per 
p lant , g i r th of f r u i t s and yield which were found to be highly 
correlated with number of f r u i t s , olant height, and plant 
spread. The value was posit ive flor g i r th of f r u i t , number of 
f ru i t per plant and plant; spread while it .was n e g a t i v e / o r plant 
height and number of buds per p lant . 
Ramana Rao, Jaisvanl and Asawa ( l98 l ) reported that 
flowering maturity, f ru i t ing a b i l i t y in summer and pods per 
plant were most important t r a i t s of C, frutescens, accounted 
for 55.3496 of v a r i a b i l i t y and that select ions lead to the 
be t t e r f ru i t ing , ear ly flowering and maturity, Rao and Anlel 
(1983) have also observed that desynapsis in Capsicum is 
controlled by a single gene, Meshram and Narkhede, (1985) found 
one desynaptic mutant with normal pairing upto dlplotene 
stage but no pairing at diakinesis and metaphase Ist.st£{jes, 
Mccaramon and Honma (l984) found that two recessive 
genes "ct" and "dt" control umbrella type inflorescence and 
"fa" determined f ru i t bearing habit but in the presence of 
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a dominant supressor gene they produced indeterminate 
types of inflorescences. Variability analysis in chili by 
Gupta and Yadav (l985) showed high genotypic and pheno-
-typic coefficient of variation for fruit girth, number of 
branches, fruit weight, and number of fruits, per plant, %^-wa et a] 
(l985)f reported structural differentiation of chromosomes by 
reciprocal translocations in Capsicum ennuum. Meshram £t al. 
reported about a desynaptic mutant in chili (Capsicum ennuum). 
Chromosomesxerenormal up to diplotene substage of Prophase I 
of meiosis. But no pairing was observed et diakinesis and 
•nKptaphase I and 234 univeiLents were observed in most of the 
PMCs studied. Inheritance studies indicated that desynapsis 
was conditioned by a monogenic recessive factor. 
Grafting also induces changes in Capsicum. Yagishita 
and Hirata ( 1986) found that graf^ting in Capsicum induced 
changes in fruit shaper. But these changes were found to be 
temporary. Shifriss (1987) found 3 genes in Capsicum annuum viz 
male sterility(ms) erect fruit position (upj and anthocyanin-
less (al) which\.were independently segregating characters* 
Inverted apex characteristic is also independent of male 
sterility.Cras),Similarly the gene for premature fruit oigmenta-
tion also segregates independently of 'up' gene and close 
linkage is present between round leaf (rlj and"al", partial 
linkage was suggested between "ms" pointed 'apex ^pt" 
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end gane controlling premature green colour but independent 
segregation was noted with the gene controlling green colour. 
The inheritance of following characters has been studied in 
detail : 
3»3»2 Length, width, shape and weight of fruits : 
f 
Frui t length i s multigenic character , ra ther than 
based upon a single gene action, DeBhpande (1933) and 
Miyazawa (l953) s tated that nine genes control f ru i t length. 
Khambananda Cl948) and Miyazawa (l953) discribed that 
f r u i t size and weight appeared to be quant i ta t ive ly inherited 
in Capsicum and the i r action was supposed to be mul t ip l ica t ive , 
dominant and ep i s ta t i c for large f r u i t - s i z e . Khambananda l a t e r 
Cl948, 1950) denied genie control of f r u i t length and width 
and suggested that these characters are largely expressions of 
shape and weight fac tors . The gene "0" for oblate f r u i t 
shape has proved to be completely dominant to the gene"0" for 
the elongate f ru i t according to Petersen ( l959) . But 
incomplete dominance for oblate gene was suggested by 
Khambananda Cl950). Peterson (l959) had also suggested that 
cer ta in additional genes controlled f r u i t length . Khalf eilah 
and Abdel-al ( 1975 ) reported high degree of nonadditive 
gene action for f r u i t weight and additive gene action 
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for f r u i t size end weight for some other v a r i e t i e s . 
(Mllkova, 1979; Thakur, Gill and Bhagchandanl, 1930; 
Singh and Singh, ( 1982). DaskalOA^ and Mllkova (l978) 
also reported tha t ro le of the non-additive genes was 
greater for f r u i t weight. 
High combining ab i l i t y was reported in California 
Wonder (bell-pepper ) (Betlach, 1973; Moravec, 1973) and 
heterosis , In In tervar le ta l crosses, for f r u i t length was 
reported by Singh and Singh ( i978b). 
Awasthi, Joshi and Ghlldlayal (1976) found non-
additive gene action for f ru i t dianeter and average f ru i t 
weight. Pochette, Giorgl and Glovannelli (l976) found 
heterosis in F . generation for yield, Independent of parental 
type. Arya and Salnl (l976) reported California Wonder to 
be very high yielding among many bell-peppers and that i t s 
f r u i t size contributed towards f ru i t yield maxiraelly. But 
Singh and Singh (l978c) found non additive gene action to be 
predominant for f ru i t yield. 
Increased f ru i t size is also obtained by the use of 
oc naphthalene acetic acid treatment, according to 
HarlHaran, Molly and Unnikrlshnan ( l984) . 
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3.3» 3» Number of f r u i t s per plant : 
Nandpurl Gupta and Thakur , ( l97 l ) reported high 
h e r i t a b i l l t y est imate: . Betlach (1973) and Mor.avec (l973) 
reported high combining ab i l i t y . Khalfallah and Abdel-al 
(l975) reported high degree of non-additive gene action. 
Awasthi, Joshi and Ghildi^^ayal (l976) observed intermediate 
effect between additive and non additive gene action. 
Rocchetta £ t ^ . (i976) found heterosis with F generation 
for f ru i t number in capsicums. Heterosis for f ru i t number 
was reported by Singh and Singh (l978b) in inter va r ie ta l 
crosses. Overcdominance was observed for f r u i t number per 
plant in C, ennuum (Thakur, Gill and Bhagchandanl, 1980). 
But Singh and Singh ( l982) , found additive component was 
lower than non-additive component. 
3.3»A Cluster / non c lus ter f r u i t habit : 
Barrios and Mosokar (1972) reported that non - c lu t e r 
habit in C.frutescens is monogenically controlled end 
dominant while c lus ter habit is controlled by a single 
recessive gene, but hybrids frona cross C. ennuum X C. 
pendulum produced f ru i t s in c lus te rs (Daskalov, Rusenove and 
Milkova, 1973)• Pre bifurcation shooting, terminating into 
•6b a f ru i t in C. ennuum. though a quant i ta t ive character 
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yet appears to be controlled by only a few genes. This 
bunchy habit of the fruit was found to be dominant in a 
Bulgarian cultivar of pepper. 
Shifriss and Hakim (l977) and Sundarem e^ al,,(l980) 
recorded that chief contributors for genetic divergence in 
Capsicum frutescens are number of branches and number of 
fruits per plant while Mehra and Peter (i980b) found the 
fruit yield to be chief contributor for variability in C. 
^nnuum. 
Thomas and Peter (1987) proved that clusture bearing 
fruit habit in Capsicum annuum was recessive and governed 
by two pairs of genes, out of which one pair was epistatic. 
3,3,5 Thickness of fruit wall and flesh : 
Dempsey (1960) reported that it is controlled by 8 
pairs of genes with multiplicative effect. Role of non additive 
genes was greater for pericarp thickness (Deskalov and Milkova 
1978). 
- . . Silvetti and Giovannelli (i980) found that in 
pepper cultivars, variation was due mainly to additive genetic 
components with very small dominance effect for mesocarp thick-
ness. 
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3 ,3 ,6 F r u i t colour (matdre and immature ) : 
Webber, 1911; Atkins and Sherrard, 1915; and 
•Shaw and Khan, 1928^ repor ted the geneiJf in yellow colour 
i s dominant over the r ecess ive red colour gene^ftlt was 
confirmed by Smith ( l950) and Khan and Munir (i954).Kormos 
(1954) determined the l e v e l of l i g h t pigment in red f ru i t ed 
orogeny of a c ross red X yellow. Action of the gene p a i r s 
YY , C-C •*• end C.C was supposed to be involved in the 
product ion of d i f f e r e n t shades of co lour . The following 
gene p a i r systems were pos tu la t ed for the colour mentioned 
aga ins t each.( Y^ C * = red ; Y^C = Salmon red ; Y'^C^= pinK; 
YC* t= orange ; YC a Lemon, colour ; YC . Ivorywhite)Brown 
and green, mature f r u i t colours are con t ro l l ed by r ecess ive 
chlorophyl l r e t a i n e r gene C in combinations with Y"*" and Y. 
With C p re sen t , Chlorophyll remains as the fnu i t matures. 
When C combines with Y (Salmon red ) a brown mature 
f r u i t colour r e su l t s ,Wi th Y (Yellow ) a yellowish or o l i v e -
green colour i s produced (Smith, 1948,1950 .Kormos and 
Kormos, 1956). 
Brauer ( i962) analysed B ^ c a r o t e n e in mature f r u i t s 
of c h i l i s and proposed ac t ion of the gene B^  and T for high 
carotene con ten t . The gene G i s no doubt synonymous with "C" -
Mith the anthocyanin gene "A" p re sen t in AA BBC C t t genotype. 
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mature f r u i t s when dried appeared nearly black (Brauer,l962). 
This could account for the domination of black f r u i t colour 
noted by Halsted jet ^ , , ( l908) . Cano t r a i t , characterised 
by yellowish white spots on the skin of the mature f r u i t s , 
i s controlled by a single recessive gene (Palacio and 
Ramos, 1977). 
Chalkova £ t j ^ , , (l985) made an objective evaluation 
of the f ru i t colour of pepper (Capsicum annuum ) cul t ivars . 
Conard et ^ . Cl987) did the evaluation of two methods of 
pepper f rui t -colour determination. 
Milkova ejb §^, (l985) proved that the mode of inheri-
tance of colour of flower of Capsicum annuum is multigenic 
and addit ive. 
3,3.7 Inheritance of vegetative characters ; 
Gomej e t al ( l987) . showed that the character , l i ke 
the plant heightjlength of mainstem, length of f i r s t three 
internodes, were additive and polygenic. They also found a 
p a r t i a l dominance of greater plant height and larger internodes 
t u t in some cases the plant height and internede height 
verefound to exib i t ina ternal influence. 
3. 3.8 Total yield : 
Singh and Singh (1970) found fruit yield positively 
correlated with number, length and width of berries and with 
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thousand seed weight and showed low h e r i t a b i l i t y estimates, 
Nandpuri, Gupta and Thakur (1970) also found f r u i t weight per 
plant being pos i t ive ly correlated with 100 seed weight, f ru i t 
s ize , number of f r u i t , number of branches per plant and plant 
height. Nandpuri Gupta and Thakur ( l97 l ) observed high her i t -
a b i l i t y estimates for the f r u i t yield of a single plant . High 
combining ab i l i t y was noted by Betlach ( l973) . Lee (l976) found 
yield to be influenced d i rec t ly by the number of f r u i t s per 
p lant . C, annuum showed overdominance for to ta l yield (Thakur, 
Gill and Bhagchadani, 1980) while the non-additive component 
of h e r i t a b i l i t y was found to be higher than the additive 
component (Khalfallah and Abdel-el, 1975; Singh and Singh,1982) . 
Singh and Singh (l978b) had ea r l i e r shown heterosis for to ta l 
yield in in te rvar ie ta l crosses. 
Enhanced f r u i t size and seed set in Capsicum annuum by 
use of naphthalene acetic acid treatment was reported by 
Hariharan et al.., ( l984) . 
Mccraw et al. Cl986) reported effect of t ransplant 
age and pruning procedure on yield and f ru i t set in bel l 
pepper (Capsicum annuum ) . Aiyelaagbe et al,., (l987) 
found tha t sawdust, drygrass,maize cob mulches, applied 
to c h i l i p lan t s , s ignif icant ly enhanced, vegetative growth 
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and f r u i t y i e l d . S h i f r i s s e t £ l Cl9a7) repor ted segregat ion 
in twelve p a i r s of c h a r a c t e r s in Capsicum annuum eg. anthocya-
n in pigmentation in the cotyledons was con t ro l l ed by e s ing le 
r e c e s s i v e gene and pigmentation was independent of the r e s i s -
tance to po ta to v i r u s . But in some cases t h i s pigmentation 
was dominant and was polygenic in those cases where i t was 
l i nked with the male s t e r i l i t y gene t . 
3 .3.9 Number of l ocu lgs in )? i s t i l : 
No exact i n t e r p r e t a t i o n i s known but mu l t i l ocu l a r 
f r u i t s were p re sen t in F . p l a n t s obta ined from a c ros s of a 
m u l t i l o c u l a r v a r i e t y with a b i l o c u l a r v a r i e t y (Barnes ,1942) . 
3.3.10 Number of seeds per f r u i t : 
Bel l pepper, Ca l i fo rn ia V/onder, showed g r e a t e s t 
number of seeds per f r u i t (Arya and S a i n i , 1976). "ftie inher i t ance 
of seed number in pepper hybrids was found to be overdominant 
and independent of ovule number. Hybrid flowers had high seed 
number and higher number of ovules (Popova, Mikhailov and 
Yazova, 1979). 
3«3»11 Early or l a t e seed germinat ion: 
Hybrid between e a r l y and l a t e emerging c u l t i v a r s showed 
p a r t i a l dominance for slow emergence a t low temperature and 
both add i t ive and dominant gene ac t ion (Handle and Honma,l980), 
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3.3*12 Erect f ru i t posit ion : 
Ramanujam and Joshl ( i965)repprted. that t h i s character 
Is controlled by a -single gene. 
3. 3.13 Plant height ; 
^ i s character showed over dominance in C, annuum 
(Thakur, Gill and Bhagchadanl, 1980). But Singh and Singh Cl976a) 
had ea r l i e r reported negative he teros is . Mllkova (l977) showed 
general and specific combining a b i l i t y in pepper for plant 
height. But Singh and Singh (l978b) have reported heterosis in 
in te rvar ie ta l crosses for the height of the plant . 
3.3.14 Frui t Shape : Yagishita and Hirata (l987) reported graft 
induced change in f ru i t shape in Capsicum annuum L, 
3. 3.15 Branch Number : 
Non-additive gene effect was recognised by Awasthi, 
Joshl and Ghlldiayal (1976) but Mllkova (l979) had reported 
both additive and non-additive gene effect in d i a l l e l e crosses. 
According to him some va r i e t i e s showed additive effect while 
others showed non additive effect . 
3. 3.16 Stem colour : 
The stem colour of C. frutescens (green or purple ) i s 
controlled by a single dominant gene (Ghai,Gill and Singh,1972). 
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3. 3* 17 Leaf number : 
This cha ra t e r a lso showed add i t ive gene e f fec t in 
some v a r i e t i e s and non addi t ive gene e f fec t in o ther v a r i e t i e s . 
3. 3.18 Leaf Colour : 
Purple l e a f colour Is dependent on a dominant i n h i b i -
t o r y gene ( Rananujam, J o s h i and Rao, 1965) • Ghai, Gi l l and 
Singh (1972) hold t h a t purple colour of l ea f in C. f ru tescens 
i s c o n t r o l l e d by a p a i r of complementary genes with a t h i r d caus-
ing v a r i e g a t i o n . 
3. 3,19 Calyx condi t ion : 
Non-enclosing calyx i s represen ted by C as opposed 
to enclosing type of calyx (Deshpande, 1933; Lipper t e t a l . , 
1965). The base and calyx c h a r a c t e r s are interdependent upon 
each other r a t h e r than being l i nked (Pe te r son ,1959) . Closed 
flower t r a i t in C. annuum Is c o n t r o l l e d by a r ece s s ive gene 
(Subramanya and Ozaki, 1984). 
3« 3.20 Pubescence : 
Pubescent condi t ion of the stem, p e t i o l e and leaves 
appears in the r a t i o of 15:1 (Dupl ica te f ac to r gene i n t e r a c t i o n ) 
with ind iv idua ls of the dominant ha i ry c l a s s showing d i f f e ren t 
degree of pubescence ( I k e n o , i 9 l 6 ) . But Holmes (1934) held 
smoothness of the stem to be a dominant cha rac t e r . 
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3. 3.21 Flower : 
Tanksley e t el /l984)proved t h a t mult i f lower 
cha rac t e r in Capsicum i s con t ro l l ed by 5 genes in Capsicum 
chinense which can be t r a n s f e r r e d to Capsicum annaum 
making every one of i t s branch i:o produce mul t ip le 
r iowers and f r u i t s , 
3.3»22 Days to flowering : 
High h e r i t a b i l i t y es t imate was repor ted by Nendpuri, 
Gupta and Thakur ( l 9 7 l ) . Additive dominant and environmental 
v a r i a t i o n was found to cont ro l t h i s cha rac te r by Singh and 
Singh ( l 9 7 6 a ) . Medium h e r i t a b i l i t y es t imates and dominant 
gene e f fec t for days to flowering were observed by Thakur, 
Gi l l and Bhagchadani ( l980) in C. annuum. 
3 ,3 .23 Days to ma tu r i t y t 
Ea r l i ne s s appears to be due to severa l dominant or 
p a r t i a l l y dominant genes (Barnes, 1942; Odland, 1948). Nandpuri 
Gupta and Thakur ( l 9 7 l ) showed high h e r i t a b i l i t y est imates .A 
c ros s between C. annuum and C, pendulum showed good combining 
a b i l i t y for e a r l i n e s s (Daskalov, Rusenova and Milkova 1973; 
Bet lach , 1973)• Ca l i fo rn i a Wonder was found to be l a t e s t 
maturing of a l l be l l -peppe r s (Arya and Sa in i , 1976). High 
degree of non-addi t ive gene ac t ion was repor ted by Khalfal lah 
and Abd*l-al( 1?7'^0. ^ d J i t i v e i!t>!alj'tt«oe? aiiJ envJi'oityt^nta-i vaiic^oti 
47 
in varying proportions, in peppers, wes found by Singh and 
Singh Ci976a). Earliness was found to be influenced by both 
additive and nonadditive effects ( Thakur, Gill end Bhagchadani, 
1980). 
3.3.24 Detachment force for the f ru i t : 
This was found to be controlled by a number of 
effective factor behaving as additive genes C Werner and 
Honma, 1980). 
3.3.25 Resistance to mosaic vi rus : 
Rananujam and Joshi (l965) found i t to be controlled 
by a single gene linked in repulsion phase with a gene for 
erect f ru i t posit ion and is independent of leaf, petal and 
immature f rui t -colour genes. 
3.3«26 Stomatal frequency : 
Stomatal frequency in peppers in influenced 
independently by both paternal and maternal genotypes 
( S i i v e t t i , 1981). 
3. 3.27 Right and l e f t handed phvllotaxv: 
The plants are c lass i f ied into left-handed and 
right-handed respect ively according to the clockwise and 
counter clockwise sp i ra l l ing arrangements of the i r a l ternate 
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leaves around and up the main stem. The to ta l yield of 
f r u i t s in terms of both fruit-weight and number of f r u i t s 
was higher in right-handed than in left-handed p lants . 
This suggests that regulation of fo l i a r s p i r a l i t y is 
genetic and can perhaps be used to advantage for increasing 
the productivity with a l ternate phyllotoxy (Bible,1976). 
3.3.28 Vit C. content of f ru i t s : 
Sathe and Phadnavis (l977)» studying 26 red-pepper 
forms, found var. 70-1-1 had highest V i t . C content per f ru i t . 
This character was found to be pos i t ive ly correlated with 
f r u i t length. Psnkar and Magar (1978) found Vit.C 38-86 mgm/lOOgm 
of fresh whole c h i l i . Keshinro and Aketiku (l983) studied 
Vit.C content of both fresh and diried f r u i t s of va r i e t i e s and 
two spp. of c h i l i , and found in C. frutescens 4.6+0.3?!^ in dry 
samples to 55.7^7.5 ragm/lOO gm in fresh f r u i t s . 
3.3.29 Vit E. Content of f r u i t s ; 
Kanner £ t al.. (l979) studied the alpha-tocopherol 
(Vit.E) content of the f ru i t s of'.pepper (C, annuum ) . I t was 
found to contain 9 to 10 mgm of the substance per gm of i t s oil 
(olea res in ) . Alpha^tocopherol content of fresh and dried 
peppers depended upon the content of l i p id which in turn 
depended upon ripening stage and genetic const i tu t ion of pepper. 
In the fresh f ru i t it was about 3 to 10 rag/lOO gm and therefore 
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c h i l i can be a very important source of Vit, E. 
3,3,30 Capsaicicine content of f r u i t s ; 
Pungent nature of Capsicum f r u i t i s due to the presence 
of an alkaloid capsaicine (Thresh, 1876; Nelson,1910). Together 
with capsaicine, dihydrocapsaicine non-dihydrocapsaicine end 
aflotoxlns are also present (Sagara et £l_., 1980; Seenappa ond 
Kempton,1980). Secretory ce l l s present along the plecentu 
produce the alkaloid (Ohta, l962b). Capsaicine-content varies 
from var ie ty to var ie ty end even from plant to plant as ^ 
i t i s readi ly influenced by soil and pa r t i cu la r ly climatic 
conditions (Erwin, 1932; Miller and Pivremen, l937; Brauer, 1962; 
Ohta, l962b) This i s controlled by a single dominant gene (Webber, 
l9l1;Deshpande, 1935; Raraaieh and P i l l a i , 1935; 0dland,l948; 
Greenleaf, 1952| Ohta, i960. Quagliot t i and Ottaviano (l967) 
had made the physiological and genetical studies of pungency 
in c h i l i s under various growing conditions and of i t s va r i ab i l i t y 
in different cul t ivated populations. Gi l l , Ghai and Singh (l973) 
hold that amount of capsaicine in C, annuum and G, frutescens i s 
polygenically controlled and negatively correlated with shape 
index of f r u i t s . Kvachadze (l976) studied ^-.t^o ^"^ f*,-generations 
of a c h i l i hybrid and showed that F had intermediate amount 
while Fp snd F , generations had a range of v a r i a b i l i t y of 
capsaicine content, within the l imi t s of parental va r i ab i l i t y . 
This indicates that capsaicine content i s a quant i ta t ive 
character resu l t ing from the action of multiple genes. Sathe 
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and Phadnavis (1977) found red pepper var ie ty 207-9-2 had 
highest caosaicine content among the 26 red-pepper va r i e t i e s 
studied, and capsaicine content was negatively correlated with 
f ru i t - length . 
El-Gherbewi Cl977) found that ceoBaicine "-ir-vf-l opf. 
in f ru i t s in the fourth week after f r u i t - s e t . Variet ies differ 
in i t s content. Marshall and Doperalski ( l98 l ) studied the 
quantity of capsaicine in peppers and found i t varitible e .g . , 
1.01, 1.11 end 1.23 mgm/gm dried pepper while Wood-bury (l980) 
found i t only 100-700 ppm. 
Jurenitsch, Kubelka and Jentzsch (i979) studied 
cul t ivated va r i e t i e s of Capsicum annuum , C beccetum. C. 
pubescens, C frutescens and C, chinense. and t r i ed to 
identify the composition of pungent pr inciple (capsaicinoid). 
Mc Leod et e l . (l979a) studied purple flowered Capsicum and 
located 25 l o c i coding for i5 prote ins . He proved that 
Q.tovari should be t reated as a separate species while 
t c a r d e n a s i i and £. eximium should be recognised as single 
biological species and C. pubescens should . also be maintained 
as a separate species belonging to the same species complex^ 
on the basis of the study of capsaicine contents. 
Aleshin _et ^ . ( i 9 7 A ) studied albumin content in the 
r ipe and germinating seeds of parental l i nes and heterotic 
hybrid of red pepper. 
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3»4 Mutations and Mutagenesis; 
Much work-in peppers, has been done during l a s t 
twenty years on de tec t ion of spontaneous mutat ions and 
Induction of mutation using phys ica l mutagens, chemical 
mutagens and a combinations of the two, l ead ing to male 
s t e r i l i t y , female s t e r i l i t y and many meiot lc abnormal i t i es . 
A b r i e f summary of t h i s work i s being given he re . 
3.4,1 Spontaneous mutations : 
Occurrence of following spontaneous mutations has 
been recorded in some chill plants. Llppert and Bergh Ci964) 
recorded the occurrence of variegated seedling mutants in 
chilis. On the basis of crossing studies, he found that this 
character is governed by multiple alleles. Bergh and Lippert 
(l964a) recorded the occurrence of six mutant genes in 
pepper. Capsicum annuum viz.^ female sterile (fs), spinach (sp) 
and branchless (bl) have been found to be completely female 
sterile, while three others, glossy diminutive (gd),scabrous 
diminutive (sd) and wallow leaf (wl) produced a few viable 
seeds. All showed foliar deformations (except 'fs') and much 
reduced branching or no branching. The genes, "fs" and "sd" 
reduced viability, though pollen fertility was normal for 
all mutants except "spinach". Pahlen (l967) discovered a 
new spontaneous mutant of pepper C, annuum which was called 
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" f a s c l f l o r a " . He also showed a female s t e r i l e mutant with 
marked increase in the number of f l o r a l components, governed 
by a s ing le r e c e s s i v e gene, with po l l en v i a b i l i t y of 27-559^. 
Murty, Rao and Murty ( i967) have repor ted an abnormal female 
s t e r i l e narrow leaved mutant. I t had a dwarf compact and 
bushy hab i t possess ing l i n e a r - l a n c e o l a t e , narrow and s e s s i l e 
l e a v e s . There was no seed-se t i n s p i t e of profuse f lowering, 
Meiosis had many i r r e g u l a r i t i e s l i k e clumping of chromosome, 
uneven sepa ra t ion , lagging chromosomes and u n i v a l e n t s . Tal 
and S h i f r i s s (l97A ) repor ted abnormal behaviour and leaf 
anatomy in a scabrous , diminvtlve and w i l t y mutant of C, 
annuum , produced as r e s u l t of spontaneous mutat ion in a 
s i ng l e gene. Greenleaf and Hearn (1976) have recorded a 
roundleaf mutant in "Bighart" pimiento pepper. Benzioni and 
Tal (1978) have recorded a scabrous diminutive and wi l ty 
mutant of pepper, in which the a b i l i t y of r o o t s to absorb 
and accumulate Rb* and K"*" ions was impaired. Pol lak ( l982) 
has described the r a t e of mutant s u b s t i t u t i o n in popula t ions 
with overlapping genera t ions , Rao, Raja and Kumar ( l983) 
have descr ibed the cy togene t ics of a spontaneous desynaptic 
mutant in c h i l i which showed reduced number of chalsmata 
and po l len f e r t i l i t y . This condi t ion showed a monogenic 
i n h e r i t a n c e . Bengtsson and Chr i s t i ansen (1983) descr ibed 
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the A_-locus mutation and gave i t s e v o l u t i o n a r y 
imp l i ca t ions . 
3 .4 .2 Mutagenesis : 
I t i s most s u i t a b l e method for making a l t e r a t i o n s 
in genotype to en large the v a r i a b i l i t y of q u a l i t a t i v e and 
q u a n t i t a t i v e c h a r a c t e r s ^ i n s h o r t e s t pos s ib l e time and orov i -
des a good scope for s e l ec t i on because the v a r i a b i l i t y has 
been narrowing in peppers due t o u n i d i r e c t i o n a l s e l ec t i on 
and l i m i t e d type of gennplasm. Discovery of d i f f e r en t 
mutagens has increased the v a r i e t y and kinds of mutat ions 
which can now be induced. Varied ava i l ab l e chemicals , 
r e l a t i v e ease-of app l i ca t ion and low cos t hes made, a r t i f i c i a l 
induct ion of mutation an important t oo l in p l an t breeding 
progrfimmes. Physical mutagens l i k e UV r a y s , gamma rays and 
X-rays have been used e f f e c t i v e l y to induce mutat ion. Chemical 
mutagens l i k e d ie thy l sulphate ( DES), ethyl-methane-sulphonate 
(EMS), dimethyl-sulphonate (EMS), n i t roso-N-methyl-uree 
(NMU), n i t ro sc -N-e thy l -u rea (NEU), e thyl - imine ( E I ) , ca f fe ine , 
me thy l -n i t ro -n i t ro so -guan id ine (MNNG), methyl-guanidine (MG) , 
g lu t a th ione ( G ) , 5-ni t ro-acenapthene ( N A ) , n i t roso-methy l -
guanidine (NMG), hydroxylamine (HA), N-methylaraaleimide (NMM) 
and N-ethylmaleimide (NEM)etc. are most e f f ec t i ve chemical 
mutagens and have given most wonderful r e s u l t s . 
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3«^i2.1 Mutagenesis using physical mutagens : 
Gamma-rays, X-rays and u l t r a v i o l e t rays have been 
used to produce mutants in pepper. 
3.4.2..2 X-revs mutagenesis : 
Kamaluddln and Abraham ( l970) described t h a t X-ray 
i r r a d i a t i o n of the seeds of c h i l i s r e s u l t e d in morphological 
abnormal i t i es , chromosomal abe r r a t i ons and product ion of 
chlorophyl -mutants with increased frequency e . g . , txan tha" 
muta t ion ) . 
Terzyan and Saakyan (1972) descr ibed e f fec t of X-rays 
on v a r i a t i o n of pepper p l a n t s in M genera t ion . 
Nagalla and Nagalla ( l977) descr ibed the desynapsis 
in Capsicum a f t e r t rea tment with x- rays and MS , v a r i a b l e 
number of un iva len t s were found a t d i ak ine s i s and metaphase 
1st and chiasmata frequency was lower than t h a t of normal 
p l a n t s . 
Subhash and Nizan ( l977) repor ted the melot ic abnor-
m a l i t i e s in M genera t ion l i k e m u l t i v a l e n t s , fragments, 
b r idges and mul t i sp ind le formation a f t e r the C, annuum 
seeds were i r r a d i a t e d with X-rays. 
Abraham and Koshy ( l979) descr ibed mutagenic p o t e n t i a l 
of green c h i l i s and abnormal i t ies l i k e achromatic gaps. 
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chromosomal breakages and chromosomal clumping in the 
t r e a t e d c e l l s . 
Subhash and Venkatrajam Cl983) described the 
cy to log ica l and morphological v a r i a t i o n induced in Ce^psicum 
c u l t i v a r 0-5 a f t e r x- ray i r r a d i a t i o n of 1,3,5 or 10 Kr. 
Gross chromosomal abnormal i t ies were observed eg*» unor l -
ented fragments a t metaphase, b r idges a t anaphase and 
te lophase , with or with out l aggards of the chlorophyl l 
mutants also increased . 
VenkatraJrem and Subhash ( l984i ) a Induced muta-
t i o n s in Capsicum annuum by using aqueous so lu t ion of 
mitomycin ' C for d i f f e r en t per iods of time and found 
v a r i a t i o n s in both p o s i t i v e and negat ive d i r e c t i o n s for 
many q u a n t i t a t i v e cha rac t e r s such as p l an t he igh t , number 
of branches , days to f lowering, number of f r u i t s e t c . i n 
M,> M^ and M genera t ions . 
VenkatrajEd, Devdas and Subhash C1985' ) , t r e a t e d 
soaked seeds of c h i l i s with x - r ays and t r e a t e d them with 
0 .1 % EMS, s epa ra t e ly and combining the both , obta in ing 
6 types of chlorophyl l mutaxlts::' nanely xantha, a lb ina , 
c h l o r i n e , v i r i d i s , maculeta, and s t r i a t a were recovered 
in M_. generation.Occurence of chlorophyl l mutat ions were 
in propor t ion t o the dose dura t ions and combined t rea tment 
enhanced the frequency of mutat ion. 
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Venkatrajan, Sadenandsm Devadas and Subhash (1984 ), 
found the effect of mitomycin on soaked seed. It reduced 
drastically the percentage of seed germination and seedling 
survival. Mutants showed chromosomal alterations,Chlorophyll 
mutations, formation and development of micronuclei-Stickiness 
and clumping of chromosome also resulted in to - high pollen 
steriblty-;v, 
Rao, Harini and Kumar (l987) studied colchicine induced 
mosaicism in chili pepper, and found that pellen fertility 
was reduced to nearly 596. Univalents and laggards were 
commonly observed, together with the breakdown of spindle. 
3..4»2.;5W -rav mutagenesis : 
Chassagne, Gaudi l lere and Monties ( i 9 8 l ) have described 
the e f f ec t of UV-radiation on c h i l l p l a n t s grown under na tu ra l 
and a r t i f i c i a l l i g h t s . These p l a n t s showed shor t e r s tem and 
Increased phenolic content of l e a f . 
3.4.2*4 Gemma-revs mutagenesis i 
Daskalov ( l973b) s tudied the Induction of mutations in 
C, ^nnuum by i r r a d i a t i n g seeds with gamma-rays. 
Daskaloff ( l973a) has induced mutat ions in pepper and 
a male s t e r i l e mutant, thus produced, was used to produce 
hybrid seeds. 
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Daskalov Cl973a) descr ibed a male s t e r i l e mutant of 
C, annuun. I so l a t ed following seed i r r a d i a t i o n with 13.5 Kr 
gamma-rays. 
Daskalov ( l975) described the production of a lbino 
chlorophyl l -mutant for ea r ly end mldearly product ion using 
gemma I r r a d i a t i o n . 
I l l e v a and Molkhova ( l975) s tudied the microsporogen-
e s l s In Capsicum annuum, a f t e r i t was i r r a d i a t e d with 0 . 3 , 
0.5» 1.0 and 1,5 Kr of gamma r a y s , with 1 and 1.5 Kr 
showing blockage of melosls a t e a r l y prophase in 1-29^ MC. 
The chromosomal abe r ra t ions were seen at low dosage,47-72% 
with 0 . 3 Kr and 87-9896 at 0 .5 Kr and a t 1 and 1.5 Kr a l l 
PMCa were damaged. He also found t h a t fragments end br idges 
developed even a t low doses of exposure, Se thupath i , 
Ranlingara ( l977) descr ibed mutants of c h i l i , obtained from 
a populat ion of M- genera t ion a f t e r t rea tment with gamma-rays. 
Khuspe and Ugale Cl977) found gemma I r r a d i a t i o n from Go 
more e f fec t ive than EMS (0.1-0.31%) in delaying f lowering 
but weight of 100 dry f r u i t s Increased with i r r a d i a t i o n 
dose. "Mohot"variety produced heav ies t seeds when t r e a t e d 
with 10 Kr and 20 Kr gamma rays but "C.A, 452" v a r i e t y showed 
heav ies t bear ing with 0.2% EMS. Kat iyar ( l978) repor ted 
the meiot lc abnormal i t ies and po l l en s t e r i l i t y of M and M 
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generations of the Capsicum plants obtained from the seeds 
i r radia ted with 5,10 or 15 Kr. They shoved abnormal chromos-
omes, s t ick iness , cltrnping, breakageg^bridges, unequal 
segregations, laggards and abnormal microspores. Pollen 
s t e r i l i t y increased with increase In radiat ion dosage. 
Maltseva (l978a) i r radia ted seeds of pepper with low 
doses and sowed them in glass-houses as well as in f i e lds . 
The highest effect was noted in glass-house conditions as 
i t gave early and higher yield. 
Maltseva (l978b) described the action of gamma-
i r rad ia t ion (1 .2-1 .8 Kr) using Co on the seeds of three 
pepper species. I t resul ted in a more rapid development of 
p lan ts , and early flowering and appearance of ovaries which 
were early- ripening, I l l i eva and Molkhova (1979) studied 
effect of gamma Ir radia t ion of 0 .3 to 2.0 Kr at various 
stages of flowers-bud development and showed that degene-
ra t ive changes were established in pollen grains e.g. , 
mult inucleari ty, absence of nuclear d i f ferent ia t ion , var ia-
t ions in the number of pollen pores, out growth of exine, 
incomplete maturity of generative nucleus and varying extent 
of cytoplasmal vacuolization. Greatest degenerative change 
was observed following the treatment at the early stage of 
another development. If the pollen grains were i r radiated 
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with 2 to 3 Kr doses , degenerat ive changes were 
found in embryo and endosperm a l s o . Maltseva end Moinova 
(1980) described the e f fec t of i r r a d i a t i o n on pepper seeds. 
I t r e s u l t e d in to in t ens ive growth of p lan t and higher index 
of ea r ly r i p e n i n g . This was found to be r e s u l t of higher 
ascorbate oxidase a c t i v i t y in p l a n t l eaves .B iacs and Gruiz 
(1980) described the e f fec t of gemma i r r a d i a t i o n on the 
l i p i d composition of papr ika , black pepper. 
Daskalov and Maltseva ( l980) repor ted the r e s u l t s of 
i r r a d i a t i o n of pepper seed with gemma rays and found t h a t low 
r a d i a t i o n doses s t imula ted seed germination and e a r l y 
matura t ion . 
Rao and Lakshmi ( l 9 8 l ) descr ibed the meiot ic abnorma-
l i t i e s of gamma-ray induced mutants of C. gnnuum a f t e r the use 
of 10,30 or AO Kr. I t r e s u l t e d into meiot ic abnormal i t ies and 
po l l en s t e r i l i t y . Meiotic abnormal i t i e s , induced, were 
s t i c k i n e s s of the chromosomes, clumping, formation of mul t i -
v a l e n t s and u n i v a l e n t s , breakage?, non-o r i en ta t ion of chromo-
somes a t metacphase-pla te , unequal groupings of chromosomes, 
laggards and abnormal microscopres . The frequency of 
occurrence of these abnormal i t ies was p ropor t iona l to the 
doses of the gamma-rays and po l l en s t e r i l i t y was cumulative 
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r e s u l t of v a r l e n t and aberrant meiot lc s t age s . Mukhopadhyay 
and Mookerjee ( l 9 8 l ) described e f fec t of gemma i r r a d i a t i o n 
6n deoxyribonucleiohis tone b inding , 
Makedonov and Tarasov (1982) conducted d i r e c t exper-
imental study of mutagenesis of two s ing le s t randed breaks 
l o c a t e d wi th in the i so locus of s i s t e r chromatids in the s t rands 
of same p o l a r i t y . Eff ic iency of induced mutagenesis was very 
high, 
Henner e t e l . , Cl982) s tud ied the s i t e and s t r u c t u r e 
of gemma-irradiat ion-induced DNA-breakages, by i r r a d i a t i n g 
with doses of 2 ,3-20,0 Kr, The amounts of induced DNA-breakages 
were p ropor t iona l to the r a d i a t i o n doses, 
JoaimovicCl983) has descr ibed some chemical changes in 
the i r r a d i a t e d pepper. 
3,4,'2.'5 Chemical mutagenesis : 
Kalovkyan Cl968a) made a study of cy to log ica l changes 
in C. annuum under the e f fec t of chemical mutagens e,g.,NMU, 
NEU and found the propor t ion of fragments and b r idges depended 
upon the dose of mutagen, 
Kalovkyan ( l968b) used EI , NMU, NEU, in d i f f e r e n t 
concen t ra t ions for d i f f e r en t per iods of time on sweet-pepper 
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v a r i e t i e s A-60 and Nov-35. Many h e r i t a b l e changes were 
dominant muta t ions . He also showed many i r r e g u l a r i t i e s of 
chromosomes in pollen-mother c e l l s of the p l a n t s of M 
generat ion* Markus Cl968) sprayed 2 -3 -d ich lo ro i sobu ty ra t e 
on pepper and induced male s t e r i l i t y , Galukyan Ci969) 
repor ted d i f f e r en t tjrpes of morphological v a r i a t i o n s 
induced by EI, NMM, NEU end NEW in M , M^ and M genera t ions 
of pepper,P6chard ( l970c) induced male s t e r i l i t y by using 
EMS and gamma i r r a d i a t i o n . 
Zubrzycki and Pahlen ( l970) found EMS to be more 
e f f i c i e n t in inducing chlorophyl l mutat ion. Zderkiewicz( l97l) 
repor ted v a r i a t i o n in the growth, s i z e , weight of f r u i t s and 
in capssd-cine content when pepper p l a n t s were t r e a t e d with EI 
and d i f f e r en t i r r a d i a t i o n s , Videnin and Skripnikova (1971,1972) 
found a wide spectrum of mutations in t a l l - h a b i t , branching and 
in number, s i z e and pos i t ion of f r u i t s , using EI, EMU, DES -
•pwerfed, malformed and ea r ly r ipen ing forms were i s o l a t e d , 
end severa l s t r a i n s showed e a r l y r ipen ing and gave higher y ie ld , 
Batikyan and Galukyan Cl97l) found J3MU to be more e f fec t ive 
than NEU and EI in inducing muta t ions , Skripnikova (1973) 
repor ted a reduc t ion in germination and surv iva l r a t e and 
many other v a r i a t i o n s in M genera t ion . Daskalov (l973b) 
obtained male s t e r i l e mutants , Solomatin Cl973) showed t h a t 
frequency of morphological changes in M, va r i ed with the 
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v a r i e t y from ^,Q% t6 10.096 on being t r e a t e d with NEU, EI ond 
EMS, with NEU showing highest change. Bansal ( l 9 7 3 ) i s o l a t e d 
s t e r i l e mutants from EMS and NMU t r e a t e d popu la t ions . Solorastin 
(1976) repor ted v a r i a t i o n in mutat ion frequency from 71»5 to 
86.0 %, 58.0 t o 65.2% and 51.0 t o 60.0% in EI, NEU and 
DMS t r e a t e d popula t ions r e s p e c t i v e l y . 
Chauhan dind Kinoshita ( 1980) have repor ted the 
cihemicelly induced male s t e r i l i t y in Capsicum ennuum. 
Gukasyan and Akopyan ( l975) obtained mutat ions in 
co lour , shape, and s i z e of l eaves and f r u i t s . Larges t number 
of mutat ions were obtained a t 0.05% dose l e v e l of NMU. Solomatin 
( l976) also found increased v a r i a t i o n in the y i e l d in M 
l i n e s of EI, NEU and EMS t r e a t e d popu la t ions . Skripnikova 
(1976) I so l a t ed some economically useful mutants of pepper, 
obtained from the popula t ions t r e a t e d with low doses of NEU 
and EMS, There were i s o l a t e d e a r l y maturing, l a r g e - f r u i t e d , 
mu l t i f r u l t ed and compact forms, from the popula t ion t r e a t e d 
with O.Ol'Jt, 0.005% and 0.025% concent ra t ion of EI, EMS and 
NEU r e s p e c t i v e l y . Rate of mutation was found t o have increased 
with the increase in ' t h e dosage of the mutagens. NEU showed 
h ighes t r a t e of mutat ion. The dosage used for NEU was 0.025% 
and 0.012% for EI i t was 0.01% and 0.005% and many concent-
r a t i o n s of IMS were used. Gukasyan and Tumanyan (1976) 
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observed Increase in the frequency of a b e r r a n t ' c e l l s in M , 
M and M genera t ions of popula t ion t r e a t e d with NMU. Morph-
o log ica l v a r i a t i o n s l i k e induced suppression of apicel 
dominance and of primary branching and v a r i a t i o n in the 
number of p e t a l s and stanens were repor ted in p l a n t s t r ea t ed 
with both gamma-rays and IMS, Sethupathi RamiingamC1976) 
a lso repor ted occurrence of a e r i a l r o o t s on the basal por t ion 
of stem. He i s o l a t e d two such s t e r i l e mutants from NEU and 
EMS t r e a t e d p l a n t s which produced flowers and a l b o v i r i d i s 
chlorophyll mutation in M popula t ion t r e a t e d with gamma-rays 
and DES. 
Subhash, e t g l . ( l981a) repor ted induct ion of mul t i -
l o c u l a r ovary in C, annuum by t r e a t i n g i t with mitomycin ' C ' . 
•Dimitrov ( l 9 8 l ) s tudied the na ture of chromosomal gaos 
induced by a lky l a t i ng reagents ( E I , N-nitroso-N-methyl urethane) 
and X-rays in C, c a p i l l a r i s which became apparent a f t e r t rea tment 
with ca f fe ine . Koornneef ( l 9 8 l ) s tud ied the complex syndrome of 
t t g - m u t a n t s , Olson and Gumming ( l 9 8 l ) s tudied dosimetery and 
Haber*s r u l e for c a l c u l a t i o n of proper doses of chemical 
mutagens. Sadanandam, Kumaraswamy and Subhash ( l 9 8 l ) repor ted 
occurrence of desynpatic mutants in C. annuum induced by 
t rea tment with 0.1996 EMS. Danilenko Cl982) descr ibed the 
mutagenic a c t i v i t y of n i t r o so -me thy l -u r id ine . Ackermann et_ ^ , 
(1982) described the r e a c t i o n of a mutagen ( l , 1 , hexamethylene-
' b i s [^ 5-P»<;hlorophenyl-C-biguanide7with guanosine and 
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cysteine. Singh (l982) described the effect of lAA with 
maleic hydrazide and colchicine on the root t ip -mi tos i s . 
I t resul ted into chromosomal abnormalities l i ke chromatid-
breakages, bridge-formation, polyploidy,lagging chromosomes, 
micronuclei, s t ickiness e tc . Sadanandsra and Subhesh (l983) 
isolated desynaptic mutants from a DES-treated pooulation 
of C, annuum. I t was p a r t i a l l y s t e r i l e (7296 pollen s t e r i l i t y ) . 
I t was monogenic and recessive. 
Goodman et ^ . , (l983) has described the enzymatic 
basis of mutagenesis by manganese. Ohta et el.« (1983) has 
described the formation of mutagens by react ion of n i t r i t e 
with several tryptophan-decomposition-products resul t ing 
from acids hydrolysis of proteins . Mccoy £t ^ i . . , ( 1983) 
described the mutagenic speci f ic i ty and prediction of mechanism 
and bioactivation pathway of genotoxicants e.g. , 5-ni t ro-
acenapthene. Venkatrajam, Sadanandam and Subhash Ci984) 
described mutagenic effect of mitomycin 'C ' (MC) on soaked 
seeds of C. ^nnuum. I t showed signif icant reduction in 
germination and seedling survival percentages, chromosomal 
aberrations in meristematic c e l l s and production of six 
chlorophyll mutants, "Alkyla", "Xantha", "Chlorine ", 
"Viridis", "St r ia ta" and "Maculate" in c h i l i . 
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3.5 Heterosis : 
2;,5«1 General 
Koelreuter illSS) was first to observe hybrid 
vigour in the interspecific hybrids of^ j^ ifiatlfiHat ^e 
observed that "the vigour of a hybrid was related to the 
degree of the genetic dissimilarity of its parents". 
1A6 Years later East and Hays(l9l2) confirmed the role of 
genetic diversity in the expression of hybrid vigour. But 
it was Shull (1948 and 1952) who put forward the Idea of 
commercial exploitation of hybrid vigour in corn.pi ant. 
Shull asserted that hybrid vigour was associated inevitably 
with heterozygosity end deterioration with homozygosity. 
He proposed the term of "Heterosis" to describe the vigour of 
heterozygous hybrids. Many other workers during thin period 
observed the phenomenon (Knight, 1799; Naudin, i865;Beal, 
1880 ; Shull, l9lO; East and Hayes, i9l2) Later on several 
theories were put forward to interpret this phenomenon 
(Dominance theory and Overdomlnance theory). 
Heterosis may be observed in any Part of the 
plant in the form of vigour, early maturity, height, incre-
ased productivity, both in number of fruits and total wt. 
of fruity and seeds, size of the fruits, size and number of 
the branches etc. (Deshpande, 1933; Pal, l945; Martin, 
1949; Fujli et£l., i959). 
* See Thompson l949* 
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3.5.2 Heterosis In chills : 
Deshpende (l933) was first to observe heterosis In 
chill,C. annuum In India. F^ hybrids showed general vigour;, 
early maturity, increased height and productivity In terms 
of total number of fruits or total amount of dry weight of 
fruits. Pal (l9A5) also observed that hybrids between two 
Pusa type chills gave higher yleld,matured early and produced 
fruits thicker then those of the parents. Greenleaf (1947) 
discussed the Importance of heterosis In Plmlento pepper 
and suggested that parental lines should be selected on the 
basis of vigour, fruit size and high yielding capacity, 
Mlchna (1968) reported heterosis in the quantity of capsalcine 
and the amount of dry matter in the yield. Marfutina (1969) 
also reported positive heterosis In pepper. Popova and 
Mihailov (l970) noted larger embryos and higher weight of the 
embryos in hybrids. Hybrid vigour in earliness of the fruiting 
and quantity of the yield were also reported by SHvetti 
and Glovanelll (l970). Mlchalek (l97l) found that hybrids 
have higher yield as well as higher resistance to diseases, 
Negaich et al. (1972) made many interspecific crosses and 
found hybrid vigour in respect of fruit number, plant height 
and total yield. Popova (l97l) reported heterosis in earliness 
of fruiting and total yield which Increased by 40,19^ in 
fresh weight and ^h,9% in dry weight over their parents. 
Total yield of fruit was 35.59(; higher in the hybrids. Alpat^ 
E\^ , and Khrenova (l970) found that earliness, yield,brighter 
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fruit colour, greater fruit diameter, longer length of 
fruit, greeter thickness of pericarp end higher content 
of ascorbic acid were dominant characters present in 
hybrids, Studentsova C1973) reported heterosis in the 
earliness of fruiting and yield. Gill et al,., (l973) found 
the hybrids with very high yield. Hybrids with higher yield 
were also reported by Marfutina (l973). Dikli et al.. 
(l973b) crossed mild and pungent varieties and observed 
heterosis in earliness of fruiting and yield. Attaver and 
Bhat (1973) reported hybrid vigour in yield. Manikantennair 
and George (l973) studied intervarietal crosses in chilis 
and found heterosis in ascorbic acid, sucrose and capsaclcin 
contents in hybrids. Singh et ^ . , (1973) made many crosses 
and reported heterosis in plant height, fruit number and 
fruit length. Popova (l973) found hybrids with higher yield, 
better biochemical properties and good adaptibility. Popova 
and Mihailov (1974) reported hybrid vigour in vegetative 
growth, large number of flowers per plant, fruit number, 
fruit weight and number of seeds* Lippert (l975) reported 
hybrid vigour with regard to dry fruit weight, fruit length 
and percentage of mature fruit at harvesting time, Bak gt^ _2l_. 
(l975) hybridized A8 varieties of C, annuum and heterosis 
was reported in vigour, early maturity, fruit number, fruit 
length and yield which was 60% higher than that of parents. 
68 
Uyushchenko (l975) reported increase In sugar content of 
hybrid seeds. Alpat-»EV^ and Khrenova (l975) observed hybrid 
vigour in earliness of maturity, height of plants, light 
colour of leaves and fruits, large size with high yield 
and thick pericarp. Soh et £l. , (l976) reported hybrid 
vigour in number of days from sowing to flowering in diallelic 
crosses. Markova £t ^1., (l976) found hybrids with higher 
protein content than those of parents. Popova and Mihailov 
(l976a) observed heterosis with regard to size of embryos, 
height of plant, number of leaves, area of leaf surface, 
length of shoots, length of roots which became apoarent 
immediately after fertilization. Mishra £t £l_., ( 1976) 
observed heterosis in fruit length and number of primary 
branches, Milkova and Daskalov (19778) reported heterosis in 
earliness of fruit maturity. Singh and Singh (1977 a) found 
hybrids vigour mostly for non-edible and seed portion. Popova 
(1978) found pollen germination, pollen viability and number 
of seeds larger in hybrids than in parents. Uzo (i96^)found 
heterosis with regards to plant height, median harvest date, 
number of fruits and total fruit weight per plant but 
not for leaf area and fruit size in the intervarietal hybride 
of C. annuumr 
Popova and Mihhailov (1975) showed that in sweet 
garden pepper hybrid vigour expresses itself in the weight of 
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fresh and dry plants, height of plants and average 
number of leaf. It also expressed in the volume 
and length of root system end the length of embryo. 
Singh end Singh (l976e) have reported in C. pnnuum 
hybrid vigour in F. and inbreeding depression 
daring selfing in hybrid population. In some cases 
there w?s a positive heterosis for nonedible and seed 
portion. But in other hybrids, these chracters 
showed negative heterosis. In nonedible seed chara-
cters, -additive and nonadditive gene action were 
present. 
Kumar and Rao (198S) reported the 
heterosis in the intervarietal F hybrids of 
different cultivars G_ x G, of Capsicum ennuum 
in respect per plant and number of seeds per 
fruit. Meshram end Mukewar (l986) reported 
heterosis in intervarietal hybrids of Capsicum 
annuum for days to flower, plant height, number 
of Drimary branches, fruit length and number 
of fruits per plant. The hybridization was done 
with the help of male sterile varieties. Result 
showed the yield of F hybrids nearly 157 percent of 
70 
the yield for superior variety (SP) , Krlshnakumar and 
Peter (i986) reported significant heterosis for plant 
height, days to first harvest, days to maturity, fruits per 
plant, green fruit yield per plant, seeds per fruit and seed > 
per plant in 10 inter specific hybrids obtained from a cross 
Capsicum annuum X Capsicum frutescens. Nair et _gl C 1986) 
reported heterosis in the intervarietal hybrids of Capsicum 
^nnuum for over mild parent values for different trait as 
number of branches, Vltanin C content, number of days 
for blooming and number of seeds per fruit. 
3.6 Polyploidy 
3.6.1 Spontaneous and induced polyploidy: 
Induction of pol3n3loidy is a handy tool in incret)-
sing the variation of a gene pool. Colchiploidy in paprika 
pepper was first reported by Gyorffy in 1939, while sponta-
neous tetraploids in C, frutescens were reported by Greenleaf 
(1947). Many workers have reported this phenomenon all over 
the world (Pal and Bamanu3am, 1939; Nishiyeraa, 1939,1940; Pal 
et£l., i94l; Aleksic, i960; Palfi e t ^ . , 1961; Siskovic,1962; 
Raghuvanshi and Joshi, i964; Palfi r t ^ . , 1967; Murthy ejt ^ . , 
1968; Indira and Abraham, l978 ; Khan and Siddiqui,l98l). Toole 
and Bamford (1945) reported the formation of diploid plant from 
haploid pepper, Indira and Abraham (l977) also found, for the 
first time a tetraploid plant of C, annuum by irradiation. 
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Triploids have been found to arise spontaneously from 
colchicine treated seeds (Pal end RamanuJam,1939). 
Pochard and deVtulx (l97l) reported occurrence of a 
haploid pimier^to pepper plant. Later on Chennaveeraiah 
and Habib (l975) reported spontaneous occurrence of 
triploid in C, ennuum* Nishiyama and Karasawa C1954) 
produced triploids in Capsicum by crossing diploids (2x) 
and tetraploids (4x) reciprocally. Ohta (l962b) obtained 
hypotriploid C2x = 35) in Capsicum by crossing 2x and 4x 
plants. Indira and Abraham (l980) reported the occurrence 
of radiation induced triploidy (3x) in C, ennuum. Alonso 
and Kimber (l98l) described melosis in triploid hybrids of 
pepper and determined its relative affinity, while Kimber and 
Alonso (l98l) described the same for tetraploid hybrids. 
Panda, Aniel Kumar and Raja Rao Cl984) reported 
the occurrence of induced octaploid in chili pepper (C. gnnuum ) 
cv. 'cerasiformis') by lusing colchicine. As compared 
to tetraploids these octaploids were less vigorous,sugges-
ting that the optimum and desirable ploidy-level for 
Capsicum is probably tetraploid association. In octevelents, 
hexavalents, pentavalents and trivalents, diakineais and 
metaphase I showed high irregularity. Pollen and seed ferti-
lity was very low. 
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3.6.2 Characteristic? of Polyploids : 
Polyploids were generally found to gain in plant 
height number of leaves, size of the cells, number and size 
of stomata, size of flowers, pollen grains and seeds as 
compared to those obtained from diploid plants (Greenleaf, 
1947; Georgleva, 1959; Alekslc, 1960; Pal ^ ^ . , l94i).But 
Murthy et ^ . (l968) and Khan and Siddlqul (l98l) have found 
tetraplold with decreased plant height and lesser number 
of branches. Sellvanov and Tyrnov (l975) showed that the 
study of post radiation leaf necrosis can be used to dioanose 
the ploidy level of the pepper plant. 
3.6.3 Aneuploldv : 
Aneuploldy in pepper has been reported in a very 
few cases. Pal and RamanuJamC19A0) reported an additional 
chromosome (trisomlc, 2n+i) in Capsicum . Same phenomenon 
has been reported by Subhash and Nlzan (l975) in C. annuum 
after X-ray irradiation.Pochard (l970d) also described the 
occurrence of trisomies in pimiento pepper obtained from the 
progeny of a haplold plant. Pochard (l977) studied 11 out of 
12 possible primary trisomies in C. annuum. obtained from 
single haplold plant like pimiento without pungency. It was 
observed that some genes e.g. a gene of resistance to I'MV 
and a gene for anthocyanin were located on specific chromosomes. 
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3.7 Hybridization : 
3.7.1 General : 
Hybridization i s a very important tool for 
improving cul t ivated v a r i e t i e s . Through th i s process, 
desirable gene combinations can be obtained and useful 
genes can be transferred from one var ie ty to another. In 
many cases, i t also induces hybrid-vigour. Crosses have 
been done between C, annuum and C, frutescens to determine 
the degree of genetic re la t ionship between them cytological ly 
( i ^ i t h and Heiser, l957a; Keshavram and Saint, 1971; Sahrigy 
and Seehy, 197A , P i l l a i et, a^. 1977; Eshbeugh, i978a ; 
Saccardo and Ramulu, 1978), Einboden ( l96 l ) made study of 
crossing re la t ionship of C. baccatum. Angete (l967) cul t iva-
ted many hybrid red pepper v a r i e t i e s , Shifr iss and Rylski 
(1973) studied comparative performance of F. hybrids and open-
poll inated bell-pepper under subtropical conditions, 
3.7.2 Intervarietal hybridization : 
In te rvar ie ta l hybridizations are made mostly for 
commercial exploi tat ion of hybrid-vigour, estimation of 
he teros is , h e r i t a b i l i t y estimates, determining combining 
a b i l i t y and genetic advances e tc . Many workers have made 
cytological invest igat ions of hybrids along with the study 
of the morphological va r ia t ions . They have reported raeiotic 
7A 
i r r i g u l a r i t i e s l i ke unequal chromosomal d is t r ibut ion , 
preRence of laggards at different stages, bridges, 
quadrivalents, t r i va l en t s e tc . These shov/ reduced oollen 
f e r t i l i t y ( Michna, 1971: Manikantan and Heorge, 1973»1975; 
Lorenzett i and Cirica, 1974; Sahrigy and Seehy, 1974; 
Sethupathi Raraalingam, 1974; Lakshmi and Baparao, l977b; 
Dlkkll, 1976; Khrenova, l970). Lee £ t ^ . , <1980) have studied 
a new hybrid cul t ivar of pepper produced with the help of 
male - f e r t i l e and male-s ter i le parents . 
^.7»'^ Interspecif ic hybridization : 
Interspecif ic hybridization of sweet peppers has ' 
also been reported by Hirose, Nishi and Takashima ( l96o) , Le^ori 
(l974) and Dikii ( i976) . These hybrids showed much hi(-;hcr 
yield as compared to the i r parents . Khrenova (l970) noted that 
maximum heterosis i s present in only F, and ^^ generationG oC 
the hybrid peppers and not in l a t e r generations. KvachadzeC1976) 
studied hybrid c h i l i s and found that capsaicin content and f ru i t 
form and size showed intermediate characters in F generation. 
F and F generations showed v a r i a b i l i t y within the l imi t s of 
the v a r i a b i l i t y of parental forms. I t was also indicated that 
capsaicin content and f r u i t size were quant i ta t ive charectcrc. 
determined by the action of many ident ical genes, Zamir Tadnor 
(l987) reported unequal segre.'];ations of nuclear genes in 
the in ter-specif ic hybrids of Capsicum, perhaps because of linkage. 
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3»8. Diseases of peppers, their control and resistance to 
diseases, pests and parasites : 
A sarvey of diseases, parasites and pests of chili 
is essential for drawing up a comprehensive resistance 
breeding programme. Recently much work has been done on the 
study of fungal, bacterial and viral diseases of peppers as 
well as of insect pests and nematode parasites. Resistance 
of peppers to these pathogens has also been studied together 
with the methods of their control, A summary of this work 
is being given here. 
3»8.1 Bacterial diseases, resistance against them and their 
control ; 
Following is a brief summary of this work done on 
bacterial diseases of chili'. Shekhawat and Chakravarti 
(1976) studied factors effecting development of bacterifcl 
leaf-spot of chill caused by Xanthomonas vesicb-tfopia > 
They stated that there was a heavy infection during July, 
August and September when humidity was very high and 
temperature was between 22" and 34*C. Keshwal and Joshi 
(l976), studied the occurrence^ in chili plants, of the 
infection by different strains of Pseudomonas sol enecearum. 
Sowe^l and Demski (l977) reported the factors causing 
resistance in pepper against bacterial-spot disease. These 
resistgnt factors, against Xanthomonas yesicatorig^. were 
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present in strains of Caosicum apnuum. Capsicum chinense 
end Capsicum pendulum Shekhewat and Chakravarti (1978) 
described about the survival of Xanthomonas vesicatoria« 
the incitant of chili leaf-spot and found that it survived 
for 1A months along with seeds at 8*C, and for 10 months 
at 10-38"C and bacterial suspension survived in autocclaved 
soil with M% moisture content for 105 days at 8*C. But 
in unautoclaved soil it survived only for 15 days . Hayward 
and Moffett (l978) reported the leaf spot on Capsicum ere caused 
by Pseudomonas solanacearum . Shekhawat end Chakravarti 
(l979 a) studied resistance of chili cultivars to bacterial 
leaf spot caused by Xanthomonas vesicatoria. One line 
25-1-7 bk was resistant but did not set fruit while 'Jwala' 
was field tolerant. Woltz and Jones (l979) reported effect 
of magnesium on bacteriel spot of peeper caused by Xanthomonas 
vesicatoria. Stall and Cook (l979) gave the evidence that 
the bacterial contact with the plant cell (in pepper) is 
necessary for the development of hypersensitivity reaction, 
Dehlbeck, Stell and Jones (l979) studied the effect of 
vertical and horizontal resistance on the development of the 
bacterial spot 0)1 pepper ( Capsicum annuum ) Dehlbeck end 
Stall (l979) studied mutation for the change of the race 
in the cultures of Xanthomonas vesicatoria . Shekhawat end 
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Chakravar t i ( l979b) described the comparison of egarp la te 
and cotyledon -methods for the de tec t ion of Xsnthomones 
v e s i c a t o r i a in c h i l i seeds (Capsicum annuum and Capsicum 
f ru tescens ) and they proved t h a t cotyledon-method i s more 
r e l i a b l e as compared to aga r -p l a t e technique. CoplinCl980) 
observed the occurrence of sof t r o t d i sease of be l l pepper 
caused by Erwinie caro tovara and due to t h i s ' f ac t washing; 
pepper before packing increased amount of decay but decreased 
i t if the washing water was ch lo r ina t ed . Meadows and S t a l l 
( l 9 8 l ) described d i f f e r en t induct ion per iods for the 
development of the h y p e r s e n s i t i v i t y in pepper (Cepsicum 
annuum) to Xenthomonas v e s i c a t o r i a and found t h a t the 
induct ion-per iod was f ive hours a f t e r inoculation.Cook 
and S t a l l (1982) descr ibed d i f f e r en t races of Xanthomones 
v e s i c a t o r i a . i n fec t ing the pepper, Capsicum annuum. They 
also described some sources of r e s i s t a n c e to these pathogens. 
Bashan and Assouline ( l983) devised a technique for the 
de tec t ion of Pseudomones species i n f e s t i ng pepper. He, 
Seoueira and Kelman (1983) observed 29 s t r a i n s of Pneudomonas 
so]ana c cearum i s o l a t e d from 14 c u l t i v a t e d and wild hos ts 
Inc luding C, annuum. S t a l l and Hall Cl984), described 
c h l o r o s i s and ethylene production in pepper C.annuum infected 
by Xanthomonas cempes t r i s . pathovar,""vesicatoria." They 
showed t h a t c h l o r o t i c zone, surrounding nec ro t i c l e s s i o n s 
> " l i • . * . 
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of bacterial spot, is associeted with ethylene production 
in diseased leaves. Cook and Guevara (l984). described 
the hypersensitivity in Capsicum chacoense caused by 
Xenthomonas cempestris pv."vesicatoria." This hypersensitivity 
resistance was caused by a dominant gene, Jones, Arthur, 
Engelhard and Powell (198A) also described the bacterial 
leaf spot caused by Pseudomonas sp, Adaskaveg ejt ^ l,,, 
(l985) found that many strains of Xenthomonas campestris 
pathovar 'vesicetoria* infected the pepper plants and some 
of their strains were tolerant towards copper and-ziinc salts 
generally but some of the strains were resistant to these 
salts, Marrero et alt,(l986); noted the response of the pepper 
varieties to the infection of Xenthomonas vesicatoria end 
found that California Wonder' was most effective while 
"Trunk Heart" 27A" were least effected,,They also noted 
that the extent of infection varied with the environmental 
conditions, Gitaitis et ^ , ,(i987) studied the infectivity 
of various species of Xanthonones to Capsicum annuum and 
found that these inoculations induced infections of 38 
percent of pepper plants, Hibberd et _gl_ (l987) studied the 
hypersensitivity resistance of chili cultivar against the 
infection of Xenthomonas campestries and found that 
early "California Wonder" and early California Wonder 10-R, 
carry resistance genes against these infections namely BsJ and 
Bs2. Akhtar et jgl (1987) studied the resistance of 8 red 
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pepper cultivars against the infection of Xenthomonqs 
canpestris variety Weslcetorla' and found that 'Nllura' 
and ^ alapeno* varieties were resistant and severity of the 
disease was hif:h in pots as compared to that in the fields. 
3.8.2 Virgl diseases, resistance against them and their control: 
Many papers have been published during the last 
thirty years on viruses, their detection, extent of infection, 
mode of transmission, morphological and other effects of 
infection on the host plant, the resistance to inxection in 
hosts, its inheritance and methods of controlling these viruses. 
3»B.2.1 Morphological effects of Viral Infections : 
Awasthi and Stngh (i974a) described the effect of 
cucumber mosaic virus on chili plants. Awasthi and Singh (i97Ab) 
showed the abnormalities in the cells of anthers and the 
production of non-functional pollen grains in C. annuum infected 
by cucumber mosaic virus. Kamra and Dubey (l975) studied the 
mosaic disease of chili and discovered that mottle, puckering, 
blistering and wavy leaf margin are produced in chilis due to 
the infection of this virus. Feranandez and GaborJanyi(i976) 
found that the dwarfing induced in pepper,"California V/onder'l 
undergoes reversion by the use of spray of poljcfirylic and 
gibberellic acids. Gaborjanyi and Fernandez (l976) could not 
induce alterationJ of peroxidase activities and of the growth 
of pepper C, ennuum 'California Wonder' .'plants when these 
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were Inoculated by tobacco etch virus (TEV), Joshi end Dubey 
C1976) studied the effect of cucumber mosaic virus infection 
on the growth moisture and dry matter content of the chili 
strains (C. annuum ) and proved that it adversely effected 
plant growth and moisture but increased dry matter. Lockhart 
and Fischer (l976) studied the effect of cucumber mosaic virus 
Infection alone or in combination with potato virus Y, on 
pepper and found that it severely limited the yield of marketable 
pepper. Fernandez and Gaborjanyi (l977) described the effect 
of tobacco etch virus infection on cultivars of >C, ennuum. e.g. 
California Wonder etc. Burgyan et jgl,. (l978) studied the symptoms 
of tobacco mosaic virus infection on pepoers and other plants. 
Sutic £t jl.(l978) studied necrosis of pepper cultivars caused 
by Infection of tobacco mosaic virus. Cordrey and BergmanC1979) 
described the influence of cucumber mosaic virus on growth end 
composition of susceptible Capsicum annuum and resistant Cansicum 
frutescens. 2-4 weeks after inoculation. Sandhu and Chauhon (l980) 
characterized mottle disease of chili C, annuum and stated thet 
it had thermal inactivation point between 50-55"C, dilution and 
point at 1-500 and 1-1,000 and longevity in vitro of 3 days at 
room temperature. Chauhan, Srivastava and Kinoshita Cl98l) 
described that the pepper plants, inoculated with cucumber mosaic 
virus, were partially male-sterile to variable extent but if 
inoculated at prefloral bud initiation stage, they were completely 
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male s t e r i l e . Their anthers exhibited abnormalities 
In the development of endotheciura, tapetum and vascular 
strands.Pieczarka and Zi t ter ( i98 l ) studied the effect 
of interact ion between two viruses and Rhizoctonia on 
pepper. I t was found that v i r a l infection increased 
p l an t ' s sucep t ib i l i ty to Rhizoctonia. Duggal, Singh and 
Lakhan Pal (l981a,b) described the infection on C.pendulum 
by potato virus X, I t had a negative effect on growth 
component. The virus infection modified normal t i ssue in 
stem, leaf and pet io le and damaged phloem t i ssue very 
early. Similarly, the dif ferent ia t ion of raesophyH into 
palisade and spongy parenchyma was l o s t in the infected 
leaf. Only the xylem elements were l e a s t effected. Sulaiman 
and Wee ( l98 l ) studied symt>tcmatology of tobacco mosaic 
virus and c h i l i veinal mottle virus infection on c h i l i 
cu l t ivars and found single inoculation expressing symptoms 
typical of the i so la te whereas mixed infection resul ted 
in plants showing combined symptoms of both i so la tes . 
Moorman and Woodbridge (l983) studied morphogenesis of 
cucumber mosaic virus-induced c rys ta l l ine inclusions in 
pepper, a Capsicum annuum cu l t iva r . He observed two types 
of c rys ta l l ine inclusions in the epidermis. These c rys ta l s 
attained maximum size in eleven days and dis^appeared on 
twenty f i f th day at 27"C and on ninteenth day at 32**C. 
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3.8.2.2 Control of v i r a l diseases: 
Roncedo £ i ai» ^1975) described the behaviour of four 
pepper v a r i e t i e s t reated with insect ic ides and t h i s treatment 
inhibited PVY infection also. Ramallo e^ ^ . (1975) reported 
tha t direct spraying of mineral o i l on pepper crop inhibited 
potato virus Y, Zhtturko and Bobyr Cl975) described the 
phytotoxicity of "simazine", "atrazine" and "propazine" 
(0.00196), These produced chlorosis when applied to pepper 
plant infected with II-IV. Dubey and Joshi (l976) found thet 
pyremidine analogues and 2-^D inhibited the cucumber mosaic 
v i rus (CMV) on c h i l i s , Deol and Rataul (l978) studied the 
ro le of barr ier-crops l ike sunflower, sesame end pear l -mil le t 
in reducing the incidence of cucumber mosaic vi rus in c h i l i . 
Prakash and Joshi (l978) found that parachlorophenol (iOOO ppm) 
inhibited CMV infection in c h i l i s . 
3.8.2.3 Control of insect vectors of viruses : 
3.8.2.4 Chemical control : 
Generally virus Is transmitted in peppers through 
different insect species Included under 'aphids*. The use of 
different insecticides can control the spread of virel 
diseases, Singh, Sgstry and Sestry Cl979) have evaluated the 
efficacy of different insecticides and oils in controlling 
leaf curl virus disease of chili (Capsicum annuurq ). Its 
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vector the white fly, Benlsla tebacl can be controlled 
by using "csrbofuran" or "disulfoton" at 1.5 kg/ha 
and four sorsys of power oil i^%) at ten days Intervals, 
reduced the incidence of leaf curl disease greatly and 
increased the yield of chilis two fold. Singh and Rawat 
(19B0) described the damage caused to C, frutescens by the 
insect Pericallia ricini and found that after the onset 
of monsoon, the use of "endosulphan 35 Ec" at 0.7% WBB 
most effective against the insect larvae. Datar (l960) 
described the chemical control of chili leaf curl complex 
by using insecticide, "nuvacron" (0.O396), which was found 
to be superior to "phosphamidon" (dimecron 0.03%) and 
to "endrin" (o.03%). Four sprays, starting after two weeks 
of transplantation end at ten days interval, were very 
useful. Agnihotri £t _al_. (1983) studied the residues of 
synthetic prethroid insecticide on Capsicum frutescens 
(chili ) and other plants, 
Agrios et, ^l (l985) while studying the effect of 
cucumber mosaic virus, inoculation^on the growth and 
yield of Capsicum annuum plants found that the early 
inoculation;.more drastically effected the plant size, 
leaf size, fruit size, and yield as compared to the 
late inoculations. Atiri et_ al., (l985) studied the 
effect of the infection of pepper veinal mottle virus 
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on the yield In pepper plants and noted that many cul t ivf rs 
of ch i l i were susceptible to th i s infection resul t ing in to 
developments of severe symptoms and yield reduction.There 
were some cul t ivated var ie t i es found to be r e s i s t an t to 
PWY. Apablaza £t ^ . , (l986) reported that Y s t ra in of 
Potato Virus Y had a mild effect on Capsicum annuum.variety 
•grossura' in the f ie ld conditions. Reduction in yield was 
insignif icant in the case of V-R-2 'lanugo* and 'California 
Wonder'^ The variable number of f r u i t s per plant was also 
not affected. These s t ra ins were thought to be r e s i s t an t . 
3.8.3 Pungal diseases, res is tance against them and thei r 
Controlt 
Roy (1974) described the following diseases of peppers : 
' s tem-rot ' and 'wilt* caused by Sclerot inia sclerotiorum. 
anthracnose and die-back diseases caused by Glomerella 
cingulata and dry f r u i t - r o t caused by Bothryodiploida theobr-
omae. Beltovski (1974) studied the causal agents repiflly 
degrading pepper C. annuum and found these to be, 
P^usarlum oxysporum. P. vasinfactum, ^hvtophthora capsic i . 
£, equlset i and Rhizoctonia solani . Dhawale and Kodraelwar 
( 1978 ) found that c h i l i seeds were infected by microflora 
e.g. , Asperpillup niger. Chaetomium sp . , Colletotrichum 
caPsici . Fusarium sp . , Alternarie sp , , Rhizoctonia 
be ta t ico la . Curvularia sp. e tc . Uma ( l98l ) described post-
harvest diseases of red-pepper caused by Verticillium 
Psnl l io tae . Pussrium moniliforme and / I t e r n a r i e species. 
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Bruin and Edgington (1982) stated that UV radiation 
produces in many pepper varieties resistance to fungal 
infection. Mali, Joi and Shinde (l983) listed the fun^ i^ 
associated with chili seeds. These are Alterneria* 
Aspergillus. Cladosporium. CoHetotrichum. 
Curvuleria. Drechslera. Hacrophomina end Rhizopus. 
Saini and Sharma (l978) studied the inheritance of resistance 
to fruit-rot in bell-pepper, C, annuum and found that resistance 
gene can be transferred from one variety to another. -
Some varieties of pepper have been found to be resistant 
to Phvtophthora caosici. Kimble and Grogan.( i960 ) reported indu-
ction of resistance in bell pepper against fruit-rot caused 
by P. capsici by hybridizing Chinese giant, C. annuum with a 
globe-fruited type C. frutescens. Cler.jeeu and Nourrisseau ( 1976) 
stated that some pepper varieties have got variable resistance 
to the infection of Phvtophthora capsici. Same kind of resistance 
in some cultivars was also reported by Molot, Cierjeau, 
Nourrisseau and Ricci (i976). Kanlong, Somchai and Hendrix (l977) 
proved that some Phvtophthorq varieties kill the pepper plant 
but others only inhibit the plant grpwth. Jones, Unwin and Ward 
(1975b) Indicated that fungal infection like Phvtophthora 
Infestans induced the accumulation of capsidiol in the fruit 
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tissues of pepper which counteracts the effect of fungal 
oycellum. Aleksic et el. (l978) studied the control of 
Phytophthora capslcl parasitic on pepper and found that 
ridorall cerbanete and ethyl phosphate controlled the 
fungus and had no toxic effects on paprika at 0.15 gm/pTant. 
MuchoveJ £t jl, (l980) proved that in the presence of 
CaCO, end CeCOH) seedling blight of peppers is caused 
by Phytophthora capsici. Mickovska (l98l) proved that, at 
higher temperature, the plant is very much infected by . 
Bcapslcl. Jones Graham and Ward (l975a,b) have described 
ultrastructurel changes in pepper cell caused by ^he 
pathogens Phytophthora j^nfastens. P. capslcl end Monilinie 
fructlcola. Molot et ^ .(l98l) described the relationship 
between capsldlol concentration, spread of fungal invasion 
and level of induced resistance in cultivars of peooers 
susceptible or resistant to Phytophthora capslcl. PaPavizas 
end Bowers (l98l) studied the effectivity of "Captafol" 
and "Metalaxyl" against Phytophthora capslcl on C, onnuum 
and found that "Captafol"was more effectiye in controlling 
the pathogen and inhibiting release or germination of soores. 
Susuri et £l. (l979) studied the chemical control of 
Phytophthora capslcl and found that "Defolatan" won mrre 
effective than "Orthodlfolatan" ,"Captafol" and "Folpet". 
Pochard and Anne-Marie Dsubeze (l980) found that resistance 
of pepper to Phytophthore capslcl is polygenic. 
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Stephens £ t £ l . ( l 9 S l ) devised a method for evaluat ing 
pos t emergence danping-off of pepper p l a n t s . Kunoh, Takashiraa 
and I sh izak l ( l 9 8 l ) recorded the presence of osmiophil lc 
granules assoc ia ted with the haus to r i a of powdery-mildew 
fungus in green peppers , Reuveni, Per l and Rotem ( l976) 
described t h a t shedding of the pepper l eaves infec ted hy-
po wdery-mil dew and i t was i n h i b i t e d by app l i ca t ion of auxins. 
BlazQuez ( l976) described a powdery-mildew of c h i l i caused 
by Oidiopsis sp. Cha, Jaesoon, Unkyeki, Bockhocho and 
Chungkim ( l980) repor ted a new powdery -mildew of 'Capsicum 
caused by Oidiopsia t a u r i c a . Gohokar and Peshney ( l 9 8 l ) 
s tud ied the chemical con t ro l of powdery mildew of c h i l i 
and-jtound t h a t "Sulphur Sul taf" and "Dinocap" were super ior 
to o thers in i n h i b i t i n g fungal-spore germinat ion. 
Grewal and Grover ( l973) s tudied the r e a c t i o n of red 
pepper, C, f ru t e scens v a r i e t i e s , to the a t t ack of C o i i e t o t -
richum piperatum. Grewal, Rajendra and Grover (l97A) s tudied 
the C. f ru tescens p l a n t s Infected with Colletotr ichum 
piperatum and found t h a t aninobutyr lc acid , asparagine and 
t y ro s ine were completely degraded a f t e r f ive days of i n fec t ion , 
while Be ta -a l an ine , glutamine, glutamic acid g lyc ine and 
threonine showed some inc rease . All sugars except xylo l 
were degraded. 
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Saadon end'Meon Cl980) described that enthracnose 
disease of c h i l i had a variable va r i e t a l susceo t ib i l i ty to 
Colletotrichum caos ic i . Adikaram^Brown and Swinburne Cl983) 
described the infection of Capsicum f ru i t s caused by 
Qlomerella cingulata and Colletotrichum caps ic i . 
Sabel Nikova and Brun (l975) reported the peppers 
infected with fungus, Verticillium dahliae showed decrease 
in the content of lAA end tryptophan.Gennari, Gentile end 
Matta (1979) proved that healthy pepper plants had antifungal '• 
substances in the i r leaves end stems. But the quantity of th is 
substance does not increase after infection with vi rulent or 
avirulent or both s t r a ins of Verticillium dahliae. Arsenl^Jevic 
and Sevar ( l98 l ) proved that Verticillium dahliae produced 
wil t in Capsicum also. 
Shawkat, Michail, Terabeih and Alzerari (i978) found 
tha t high f ru i t loss i s caused in c h i l i s due to infection by 
Alternaria sp. Mc Donald and Dewilot ( l98 l ) s tated that the 
loss of the packed bell-pepper f r u i t s was caused by seven diff-
erent fungi causing sof t - ro t but most of the demage was done 
by bac ter ia l sof t - ro t and Alternari^wrot.Halfon and Rylski(l983) 
described the internal mould of sweet pepper f r u i t C, annuum 
caused by Alternaria a l t e rna te . Dougherty (1979) has described 
tha t bud-rot of pepper is caused by Choanephora cucurbitarum. 
Neah, Bahadur and Vadudraien ( l98l ) described the pathogenicity 
of Choenephore cucurbitarum on c h i l i and poss ib i l i t y of i t s 
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chemical con t ro l by using f ive fungic ides v i z . copper 
oxychlor ide , d i thane M-A5, p lan tvax , vitavax-200 and 
b r a s s i c o l . F i e ld r e s i s t a n c e to "Cercospora" l ea f spot 
was repor ted which i s con t ro l l ed by th ree or more genes 
(Hare , l957a; Mi s s i s s i pp i , 1957) . Sherma and Sohi ( l 9 8 l ) 
described t h a t chemical con t ro l of Cercospora l ea f spot of 
c h i l i using f i ve fungic ides v i z . , b a v i s t i n (0.1%), b l i t o x 
(0 ,5%), captan (o.2%), difolatfcn (o.?9^ ) and di thane Z^78 
(0,296). I t was found t h a t b a v i s t i n was most e f f e c t i v e , 
Schneider, Roswitha and Crueger (1976) described a 
new leaf spot d i sease of c h i l i caused by Stemphylium botryosum , 
I t was a lso repor ted by Rochard, Cier jeau and P i t r a t ( l 9 7 6 ) . 
Valdez and Opina ( l980) proved t h a t the fungus, StemphVlium 
I v c o p e r s i c i . can cause grey l ea f spot in pepper a l s o . Homraa 
e t £ l . ( l 9 8 0 ) s tud ied powdery mildew of peppers,caused by 
L e v i l l u l a t a u r i c a . P e r i s i c and Markovic Cl976) described 
t h a t pepper an thracnos is I s caused by Gloesporium pioeratum. 
Thlrumalachar, Neergaard end Faki r ( l977) ,proved t h a t seeds 
of C h i l i bore the i n f ec t i ve spores of Macrophomina phaseol ina . 
S idd lqu l , Singh and Gaur ( l977) descr ibed the prevalence of 
anthracnose fungus on*.the seeds of the c h i l i crop and found 
t h a t they are con t ro l l ed by sprays of 0.296 'Thiram' and 
th ree sprays of 0.2596 'Di fo la tan* . Cardoso et QI^ ( l979) 
has de«5cribed t h a t Pythium splendens caused the r o o t - r o t and 
damning-off in black pepper seed l ings , 
Almeida, Robbs, Akiba and Kimura ( l980) have described 
t h a t Rhizoctonie so len i a lso causes d isease in pepper. Dood, 
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Krlkum end Haas (l983) ^ave indicated the effectiveness of 
indigenous population of vesicular and arbuscular mycorrhizal 
fungi on phosphorus intake in pepper plants. 
^-
Barksdale, Papavizes end JohnstonC1984) described 
the resistance of pepper to foliar blight and crovm rot. 
Reddy, Srihari and Rao (l98l) studied the cytogenetic 
end 
effect of insecticides like BHC, Nuvacron on chromosomel 
mechenism in relation to yield component in chili. They 
found that yield was not effected by BHC but increased 
in 0.0496 of Nuvacron and decreased inO.1296 applications. 
Seme results were recorded by Baker and Brooks Ci976) 
on infecting chili plants with Monilinia fructicola. 
Aleksic ei al,(1976) have proposed the measures for 
controlling the Infection of Phvtophthora in chili plants 
like disinfection of seeds with fungicides, of soil with 
"captefol" or "dlfolatan" soaking of roots or of other 
plants parts in 196 suspension of fungicides end spraying 
of plents immediately after transplantation, 
3.8.A Insect pests of chili and their control : 
Very little work has been done on insect pests of 
Capsicum. Merny and Cadet (1978) studied the penetration 
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of Juveniles end development of edult Heterodera orvzae 
on pepper plants, Ciempollnl and Zangheri (l978) found the 
"Acephete" insecticide most effective against Sppdoptera 
littaralis. an insect pest of chili, Rao and Reddy (l980) 
also gave evaluation of some insecticides for controlling 
the chill pod borer Spodoptera litura and noted thet 
"Acephate",''Monocrotophos" and *Ciulnelphos" were best for 
lowering this infection on C, ennuum , 0,1% "Mcnocrotophost'' 
reduce^ the Incidence of the disease from 32.9896 to 10.69%. 
Burbutis and Kcepke (l98l) studied the control of European 
corn-borery Ostrlnla nub11alls on peppers using Trichogranmq 
nub11 ale. Chandler (1984) studied the Llrlmvza satlvae on 
bell-oepper. Spmetlmes mere crowding of Insects or their 
nymphs on the branches results into danage to the plants. 
Hcdjat and Bishop (l978) studied the adverse effect of crowdinf^ 
of aphid bymphs (Myzus perslcae ) on the pepper plant. 
Pollan Bpuin eJ jalCl984) studied the phytotoxic power 
of 'capsldlol' and specific resistance inductors, on pepper. 
(Capsicum annuum ) plant. Gohokar et al.Ci985) studied 
the effect of 12 fungicides on the chili plant Infected by 
Levelllula taurica and found that Karathane was the best 
for controlling the disease . Molot et al (1985). described 
the role of ethylene in the synthesis of capsldlol and the 
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susceptibility to Phvtophthora capsici on pepoer treated 
with ellcitor. It was found to,Increased the resistance in 
J* « 
Yolowonder but decreased .'it in Phyo.636.' 
3,8.5 Nematode Parasites : 
During the last ten years much work has been done on 
plant parasitic nematodes infecting chilis /peppers. 
3.8.5.1 General : 
Muthu Krishnan, Ra^endran and Sekaran Ci975) reported 
pathogenecity of Heliocotvlenchus dlhvstera to C. ennuum. 
Khan, Saxena, Siddiqul and Upadhyay (l975) reported that 
Helicotvlenchus indicus and Meloidogvne Incognita also 
parasitise the chili on which their population increases, 
Ogbu;)i (l976) found that chilis are,,more or less^ susceptible 
to the inoculation of peanut root-knot nematode, Meloidogvne 
arenarie... Trivedi and Tiagi (l980) studied histocheralcally the 
root-galls of £, annuum caused by Meloidogvne incognita. 
Ogbuji (l980) studied differential host responses to Meloidogvne ftp. 
Koenning and Mc Ciure (l98l) studied interaction of two 
poty-vlruses TEV and PeMV and Meloidogvne incognita in chili 
pepper. Ogbuji (l98l) studied variation in the infectlvity 
among population of Meloidogvne .lavanica on pepper (C.frutescens) 
cultivars. Alhazmi and Sasser (l982) studied biology of Meloi-
dogyne palatani and stated thet it forms galls only slightly 
in Capsicum frutescens. Bafokuzara C1983) studied influence of 
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s ix v e g e t a b l e - c u l t i v a r s including peppers on reprod-
uc t ion of Heloidojsrvme .iavanica. Tovmshend, Po t t e r 
and Davidson (1984) s tudied some monocot and d ico t 
hos ts of Meloidogyne microtvlg and he found t h e t c h i l i 
i s one of them. Haseeb, Khan and Saxena ( l 9 8 l ) have 
s tudied r e l a t i o n s h i p of inoculum d e n s i t / of Rotylenchus 
reni formis with the growth of c h i l i . Charchar and 
Huang ( l 9 8 l ) s tudied the host range of P|,gtYlenchus 
brachvurus on be l l -pepper C, annuum. Acharya and 
Das (1983) s tudied the hos t - range and pethogeneci ty of 
^facrop05thonia ornata and found t h a t i t p a r a s i t i s e s c h i l i s 
a l s o . 
3i§i5»2 Control of nematode p a r a s i t e s : 
Fr i schkorn , Frischkorn and Carrazzoni ( l978) showed 
t h a t the e x t r a c t of the l eaves and f r u i t s of £ , annuum 
shows remarkable c e r c a r i c i d a l e f f ec t on Schistosoma m^nsonl, 
Siva Ktmar ^ ^i . . Cl979) showed the i n t e r a c t i o n of 
c h i l i p lan t with c e r t a i n systemic nematicides in the 
populat ion dec l ine of Rotylenchus reniforroie, Jaworskl 
^ £i« ( l980) s tudied the t rea tment of C. annuum and 
other p l an t s with fungicides l i k e methylbroraide-
ch loroDicr in , ?-»-1 gas mixture, and other nemat ic ides . 
This t reatment increased the f resh weight of the p l an t s 
9A 
and side by side reduced the poDulation of Pythlutn and 
F*usarlum also, Alonso-Allende ejt ^ . C 1980) studied the 
persistence of organochlorine pes t ic ides in the soi l 
cul t ivated with C. annuum, Alam, Khan and Saxena ( l98 l ) 
studied effeciency of nematicides for f ie ld-control of 
nematodes infest ing cer ta in vegetable 'crops l i ke c h i l i . 
The r e s u l t of the trealroent with nematicides was tremen-
dous increase in the yield, Alam et £l., (1980) studied 
the effect of different cropping sequences 6n the popula-
t ion of plant pa ras i t i c nematodes. 
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CHAPTER-4 
4.1 Materials 
The following varieties and species of pepper 
will be used for experimental work in order to improve 
yield and other attributes. 
4»1«1 Varieties of Capsicum annuum 
a. Elephant I^unk (ET) 
b . Ca l i fo rn i a Wonder (CW) 
c . Jwala ( J ) 
d. Suryanukhi Black (SB) 
e. Suryamukhi Green (SG) 
f. New Red Hot (NRH) 
g. NP-46A (NP46A) 
4 . 1 . ? 9^*^ .*P*c^es of Capsicum 
a* Capsicum^ f ru tescens 
b . Capsicum pendulum 
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A»1,3 Hybrids and Mutants 
I n t e r s p e c i f i c and i n t e r v a r l e t e l , hybrids F^ ,P2 and F, 
genera t ions ,mutants of M , M , M gene ra t i ons , obtained 
through mutagenesis , end back c r o s s progeny of BC BC 
BC genera t ions . 
A,2 Treatment of seeds with mutagens 
Physical and chemical mutagens and t h e i r 
combinations w i l l be ased for inducing muta t ions . 
4 .2 .1 Chemical mutagenesis 
Hundred seeds of each variety will be taken 
in five replicates of .each. These will be treated with 0.5?^ , 
1>'0%,\.5%,2iQ%,2.3% and 3,0^of BMS for 24 hours after 
being presoaked in DW for 24 hours at room temperature. 
The treated seeds will be washed throughly in DW to 
remove any toxic substance used or secreted during 
treatments. One lot of 100 seeds is to be soaked in DDW 
for being used as control. Similarly, treatments 'Were 
given with DES, and Caffeine,, 
4.2.2 Phvsicel mutagenesis 
Four sets of 100 seeds eaCh will be kept in 
petrldishes and soaked in DW for 24 hours. After soaking^ 
three sets of these seeds were exposed to the gemma-rays 
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80 as to receive 1,2 and 5 Kr of Irradiation respectively. 
Fourth set will be kept as control. 
4.2,3 Combination of physical end chemical mutagens 
Two sets of each variety, with 100 seeds each, will be 
given irradiation doses of 5 and 10 Kr gamma rays respect-
ively. These will then be soaked in DW for 24hrsend then 
they will be treated with EMS for 24hrsand after washing, 
seeds will be sown in sterilised pots. 
4.3. Interspecific and intervarietal hybridization 
Crosses will be made between different Capsicum 
annuum varieties and between Capsicum frutescens end 
different varieties of Capsicum annuum. finasculation will 
be done for crossing. Young (flower buds, going to open 
next day, will be selected for emasculation. The flowers 
will have to be opened with the help of fine forceps 
and anthers have to be removed one by one without causing 
injury to the pistil. After emasculation these buds have 
to be rebagged to stop unwanted pollination. The buds 
going to be ased as male parents would also be protected 
in the same manner. Emasculation will be done in the 
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afternoon and the pollination in the next morning. 
Pollination will be done with the help of a fine 
brush which will be used to transfer pollen from 
freshly dehisced anthers to the stigma of the carpel 
of the flowers going to be used as female parents. 
After pollination, the flower bude will be rebagged 
end labelled. Pollen application will be repeated 
next morning to ensure fertilization. Butter-paper 
bags will have to be pin holed at some places to 
allow air passage. These bags are removed only, after 
fruit set. Por selfing, the entire Inflorescence Is 
to be begged before blooming. The seeds of every 
hybrid fruit will be collected and stored separately. 
These will be sown next year for obtaining the plants 
of F. generation. The flowers of the plants of F 
generation will also be similar!^ '•bagged and allowed 
to be self-crossed. Now the seeds of F generation will 
also be collected and stored separately for being sown 
next season in order to raise the plants of F^ gener-
ation, 
4,4 Colchiploldv 
Induction of polyploidy will also be done 
usinig 0.1% and 0»2% colchicine solution in 5% squeous 
solution of dimethyl sulphoxide (n-lSO). For colchiploidy, 
the following three methods will be adopted: 
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A.4»1 Seeds treetaents 
50 Seeds each in three replicates after being 
soaked In the two different concentrations of colchicin 
(o. 196 and 0.296 ) for the required period (20,24 and 48 hours) 
will be washed with distilled water before being sown In 
earthen pots. Percentage of germination and abnormalities 
will be noted during the germination of seeds and different 
stages of seedling growth. 
4.4.2 Germinated seed treatments 
50 seeds are soaked in DDW in 4 replicates. These 
germinated seeds are kept moist with the colchicine solution 
of 0.1 and 0.296 for 48 and 24 hours respectively. Than 
the germinated seeds are washed thoroughly with DDW and 
sown in the pots, to be transplanted later when they attain 
a size of 4" to 6". 
.4.^ 3 Seedling-root treatments 
50 seeds each in four replicates, are soaked 
in DDW for 24 hours then these are transplanted and kept 
in sand for a few days.Now the seedling are taken out from 
the sand together with some sand so that root-hairs 
ere not broken. These are put in water to remove sand 
particles and then their roots are kept moist by keeping 
100 
them in between cotton pieces kept wet with 0.1?^ and 
0.2?^ colchicine solution for 24 and 48 hoursc After^^^^ 
roots ere thoroughly washed with DDW and the seedling 
are transplanted in the pots singly. 
A»4«4 Growing t i p treatments 
50 seeds each in four rep l i ca tes are soaked in 
DDW for 24 hours then they are sown in pots . When the 
seedlings a t t a in a size of 2-3" then these are t rans-
planted separately in small pots . Fifteen healthy seedling 
are selected for each of the four treatments. Their 
t i p s are now kept moist with the help of non-absorbent 
cotton piece kept wet with 0.196 and 0.296 colchicine 
solution for 24 and 48 hours. Now the i r t i p s are washed 
and seedlings are allowed to grow. 
These seedlings and plants are to be observed 
for the i r morphological features indicating induction of 
colchiploidy. They are kept separately and the i r buds 
are studied for confirmation of the i r polyploid nature. 
4,5 Cytological studies 
Cytological observations wil l be r e s t r i c t ed to 
the melosis Crtlrcrosporogenesis only). The buds of sui table 
sizes from the mutants, hybrids, colchiploids and 
parents / control of each generation are fixed in Cernoy's 
f lu id (Abs. Al, 6 : Chloroform 3: Acetic acid g lac ia l 1) 
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for about half an hour. Then these buds are transferred 
to a mixture of 3 par t s of absolute alcohol and 1 par t 
of propionic acid saturated with f e r r i c acetate for a 
period of 24 hours at room temperature. Abe material i s 
to be now thoroughly washed with 709^  alcohol and stored 
in i t . 
4»5»1 §tudv of meiosts : Meiosis will be studied 
from' . prop iono-c arm infrifeqUaShes of pollen mother ce l l 
ce l l (see Sweminathan ^t Q 1 . . l954). Preliminary"Observation 
will be made from temporary s l ides which would be l a t e r 
made permanent using Butyl alcohol schedule (Bahaduri end 
Gosh, 1954). 
4.5.2 Study of Pollen size and f e r t i l i t y 
Pollen size and f e r t i l i t y will be studied for 
e l l generations Including parents , control , K ,1*1 ,11 , 
^1*^2' ^% * ^ 1 ' ^ 2 ' •^^  ®"*^  the i r segregates, from' fresh 
pollen samples. One or two anthers will be squashed in 
1% solution of acetocarmine or safranine solution and 
then covered with coverglass. Stained, ful l grains with 
smooth outl ine will be taken as f e r t i l e while unstained, 
empty or i r regular - shaped grains will be taken as s t e r i l e . 
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Diemeter of pollen grains will be measured 
from the fresh pollen of different plants after mounting 
them in methyl-green glycer ine-Jel ly . 
4»6 Incidence of diseases 
The occurrence of diseases on the plants will 
be noted on the basis of apparent systems. 
4.7 Characters to be studied 
For the determination of various qua l i t a t ive 
and quant i ta t ive characters to be used for numerical 
analysis , the following characters will be studied as given 
by P ickersg l l l , Heiser and Mc Neill ( i979) . 
1. Leaf area (cm ) 
2. Leaf pubescence (Square root of no, of hairs per cm ) 
3» Leaf texture (Smooth, rugose, very rugose ) 
4. Leaf colour (green, purple ) 
5. Peduncle number per node 
6. Peduncle length (nm) 
7. Peduncle width( mm) 
8. f?atio of pedundLe length and peduncle width 
9. Calyx teeth (absent, present, slight) 
10.Calyx constriction (absent, present) 
11. Corolla colour (greenish, greenish white, white ) 
12. Corolla anthocyanin .(absent, present ) 
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13» Corolla spot (ebsent , present ) 
14. Other corolla markings (yellow-mark present,yellow mark 
absent) 
15» Corolla length (mm) 
16. Corolla tube length (mm) 
17. Depth of corolla tubing (corolla length corolla tube length/ 
corolla length) 
18. Anther colour (yellow, purple ) 
19. Filanent constriction (absent, present) 
20. Stanen length (mm) 
21. Pistil length (mm) 
22. Style exertion (plstle length-stanen length) 
23. Pllement anthocyanln (absent, present ) 
2^. Style-anthocyanln (absent, present) 
25. Immature fruit anthocyanln (absent,present) 
26. Immature fruit colour ( cream, pale green, green,dark green) 
27. Red pigment In mature fruits (absent,present) 
28. Chlorophyll retention In mature frult(retalned not retained) 
29. Inhibition of pigment synthesis In mature fruits 
(uninhibited, partially Inhibited, strongly Inhibited) 
30. Fruit posltlon(erect, pendent) 
31. Fruit pungency (pungent, non-pungent) 
32. Fruit dlsperal(deciduous, non-deciduous). 
33. Fruit length (cm) 
34. Fruit width or diameter (cm) 
35. Fruit size (fruit length x fruit width) 
10^ 
36. Fruit shaoe (fruit width/fruit length) 
'^, Inner \*oll of fruit (rough,smooth) 
38. No, of seeds per fruit. 
39. Seed width (mm) 
40. Seed weight per plant 
41. Fruit weight per plant 
A,8 Calculation of mean, standard error and coefficient of 
verlability Ccv) 
Mean and standard error of the quantitative 
characters of the individuals of every generation or 
treatment will be calculated as follows with usual meaning 
of symbols : 
Mean x 
N 
and standard error 
Z(^)2- flU) 7^/N 
N-1 
• / 
„, . ZCU-^)T 
(N-1) 
In case of paired readings of the Individuals 
of the two generations or of two treatments, the mean 
and the standard error of their differences will be 
calculated as follows : 
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The mean of difference, cl = ^d where d = x - x ' . 
The standard error of the difference of the two treatments 
crsr = ZU:^)^ TEdJZ^/N 
N-1 
' ft -, • < r d ' 
The standard error of mean differences^ d = 
For unpaired samples, the means of the sample 
x^ and Xo and the standard error of the semple sizes 1 2 
N^  and N^, ( o - x) will be calculated as follows : 
1 2 rx 1— - Zx, 
, r. 2_ 
- , ' ^ " 2 = - ^ 
and standard er ror . 
Cfx- - / ; \ - ^ r ^ ! - ^ 2 X )xn ^ 2 ^ ( i X J x . 7 
4.9 Estimation of the heterosis 
Heterosis in case of each hybrid will be 
estimated as follows : 
Heterosis over mean of the parents (MP)=F -MPxi00/MP 
Heterosis over the superior parenta=F^-SPxlOO/SP 
4,10 Calculation of the coefficient of v a r i a b i l i t y (^v) 
The coefficient of v a r i a b i l i t y , in terms of 
percentages, i s calculated in the following manner. 
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« y Standard error of differences ^ ^^^ 
Mean value of the differences 
A.n* Calculation of the velwe of *t* and Its significance 
Composition of the two pooulations of the two 
generations or those obtained by two treatments, will be 
done by t- tests under null hypothesis Ho» The 
test statistics is : / 
For paired populations : t 
/ — T T 
For unpaired populations : t 1 2 1 2 
1 2 
Value of ' t ' ( a t 5% or 1%, confidence levels ) 
for a corresponding degree of freedom is taken from the 
tab le . If the calculated value of ' t ' i s larger than the 
table-value then the differences between the two treatments 
(two samoles of the two populations) are taken as signi-
f icant . 
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CHAPTER-5 
OBSERVATION 
A few preliminary experiments were performed to deter-
mine the effect of chemical mutagens such as EMS, DES and 
caffeine on the percentage of seed germination, rate of 
the growth of the seedlings and the induction of certain 
abnormalities in the cotyledonary leaves in the treated popu-
1ation of M. generation. 
5,'} Effect of mutagens on seed germinetion 
Seeds were treated with 0.5» 1.0, I.5, 2.0, 2.5 and 
^^0% £MS, DES and caffeine. These were sown in pots contain-
ing well manured soil. Germination in controls started on 
the 6th day but in the case of treatments with mutagens 
it was delayed by 1,2 or 3 days, depending upon the cone -
entration of the mutagen used. 
Percentages of seed germination, in'controls as well 68 
in the materials treated with EMS, DES and caffeine, have 
been given in Table 2 and 3 while LD.. dose^ in the graphs A-F. 
-5*2 Effect of Seed treatment with mutagens on the length of 
the seedlings 
Effect of mutagens on the length of the seedlings of 
•JWALA' and^G^' was studied. 
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The seeds of 'JWALA* and 'G,• v a r i e t i e s were 
t r e a t e d with 0 . 5 , 1.0, 1 .5 ,2 .0 , 2.5 and 3.0J6 EMS, 
DES and ca f f e ine . The l eng ths of the seedl ings were 
noted on the 25th day of sowing. The data on the e f fec t 
of mutagens on JWALA are given in Table .4 end on ' G , ' 
in Table 5. 
TABLE -2 : Seed germination control and treated materials in 
the variety, 'JWALA • of Capsicum annuum L. 
Treatment 
Con t ro l 
ms-o.5% 
EMS-1,096 
EMS-1.596 
EMS-2,096 
EMS-2.59« 
EMS-3.096 
DES-0.596 
DES-1.09^ 
DES-1.596 
DES-2.096 
DES-2.596 
DES-3.096 
Caff.0.59fi 
Caff . 1.096 
Caff .1.596 
Caff .2.096 
Caff. 2.596 
Caff . 3.096 
I n i t i a t i o n of 
Germinat ion 
( d a y s a f t e r 
sowing ) 
6 (21 ) 
6 (11) 
7 (19 ) 
7 (18 ) 
8 (14) 
8 (10) 
9 (8 ) 
6 (11 ) 
7 (10 ) 
8 (13 ) 
8 (10 ) 
9 (8 ) 
9 (6 ) 
6 (15 ) 
6 (16) 
6 (12 ) 
6 (10) 
7 ( 1 1 ) 
8 (9 ) 
5096 
Germinat ion 
( d a y s a f t e r 
sowing ) 
io( 39) 
11(33) 
1 l (28 ) 
12(25) 
12(2 A) 
12(16) 
13<12) 
11(30) 
11(27) 
12(22) 
1 0 ( l 9 ) 
10(15) 
12(11) 
10(35) 
11(31) 
12(26) 
12(17) 
10(15) 
12(15) 
Maximum 
Germinat ion 
( d a y s a f t e r 
sowing ) 
15 
15 
15 
14 
15 
12 
14 
14 
15 
15 
12 
13 
14 
15 
14 
15 
15 
14 
15 
Maximua 
Germinat ion 
(96) 
78 
66 
55 
49 
45 
32 
22 
60 
52 
45 
40 
30 
20 
72 
62 
52 
42 
32 
30 
100 Seeds were sown for each treatment. 
Figures In perenthesis show the number of seeds terminated. 
TABLE -3: Seed germination in control and treated materials in 
Treatment 
Control 
EMS-0,5% 
EMa-1.096 
EMS-1.5?6 
EMS-2.096 
EMS-2.59^ 
Er^S-3.0% 
DES-0.5% 
DES-1,096 
DES-1.5J6 
DES-2.0J6 
DES-2,5?6 
DES-3.096 
Caff.0.596 
Caff. 1.0% 
Caff. 1.596 
Caff. 2.096 
Caff. 2.5% 
Caff. 3.096 
• " *f' 
I n i t i a t i o n of 
Germination 
(day a f t e r 
sowing ) 
6(A) 
6(9) 
6(9) 
7(9) 
7(7) 
8(10) 
9(7) 
6(6) 
7(6) 
7(10) 
8(6) 
9(4) 
9(6) 
6(l2) 
6(13) 
7(10) 
7(9) 
ado) 
8(9) 
5096 
Germination 
(days a f t e r 
sowing) 
10(A0) 
11(34) 
11(28) 
12(26) 
10(21) 
12(27) 
11(12) 
11(33) 
10(28) 
12(23) 
11(21) 
10(15) 
11(13) 
10(36) 
10(32) 
11(26) 
10(22) 
10(15) 
io( n4) 
Maximum 
Germination 
(days a f t e r 
sowing ) 
15 
15 
14 
1 4 ' 
12 
15 
13 
15 
14 
15 
15^ 
13 
13 
15 
14 
15 
14 
13 
12 
Maximum 
Germination 
80 
66 
55 
50 
40 
52 
22 
60 
55 
45 
40 
30 
25 
72 
62 
52 
42 
30 
26 
100 Seeds were sown for each treatment. 
Figures in parenthesis show the number of seeds germinated. 
TABLE -A: Length of seedlings in control end treated materials 
in the variety,'JWALA* of Cansicum annuum 
Treatment 
C o n t r o l 
EMS_o.5% 
EMS-i.09i 
EM5-1.596 
EMS-2,09< 
EMS-2.5'< 
EMS-3,096 
DES-0.596 
DES-1.096 
DES.1.596 
DES-2.096 
DES-2,5?^. 
DES-3.096 
Caff . -0 .596 
Caff . -1 ,096 
Caff . -1 .5?6 
Caff.-2.096 
Caff .-2.596 
Ceff . -3,096 
A n a l y s i s o*^  l e n g t h 
Range 
1 5 . 4 . - 2 2 . 6 
1 8 . 2 - 2 8 . 8 
1 5 . 6 - 2 5 . 5 
1 4 . 5 - 2 7 . 7 
1 3 . 7 - 2 5 . 3 
1 2 . 2 - 2 5 . 3 
0 4 . 9 - 0 9 . 2 
1 3 . 8 - 2 8 . 2 
1 6 . 4 - 2 5 . 6 
0 8 . 2 - 2 5 . 9 
1 3 . 6 - 2 3 . 1 
1 1 . 5 - 2 8 . 5 
1 0 . 9 - 3 1 . 1 
0 8 . 2 - 2 3 . 8 
1 0 . 1 - 2 1 . 9 
0 9 . 6 - 1 7 . 3 
0 8 . 8 - 3 2 . 2 
0 6 . 0 - 1 8 . 0 
0 4 . 0 - 1 1 . 5 
of s e e d l i n g s (cm) 
Mean^ S.D, 
19. 312.89 
21 .0^3 .86 
20 .9^2 .99 
19 .814 .46 
18 .2+3.35 
18 .0^4 .08 
0 6 . 7 ^ 1 . 6 8 
2 2 . 4 ^ 4 . 0 3 
20 .813 .29 
1 8 . 9 i 7 . 3 7 
18 .612 .95 
18. 3 l 4 . 9 6 
i7 .6 j t6 .34 
1 7 . 7 l 4 . 4 2 
I 7 . 6 l 4 . 1 1 
13 .4^2 .22 
13.5+4.94 
13 .115 .89 
0 7 . 5 1 1 . 0 9 
f o r 
CV (%) 
14.97 
18.37 
14.34 
22.56 
18.45 
22 .67 
25.16 
18.00 
15 .83 
38.99 
15.86 
27 .14 
36.05 
24.98 
23 .38 
16.57 
37.13 
45.00 
14.4R 
TABLE -5: Length of Seedlings in control end treated materials 
Treatment 
Con t ro l 
EMS-0.596 
EMS-i.09i 
BMS.ft,396 
EMS-2.096 
EMS-2.5% 
EWS-3,096 
DES-0.596 
DES-1.096 
DES-1.3% 
DES-2,096 
DES-2,596 
DES-3,096 
Caff . -0 .596 
Caff . -1 .096 
Caff . -1 .596 
Caff . -2 .096 
Caff . -2 .596 
Caff . -3 .096 
H 
A n a l y s i s of 
Range 
16.A-2A.9 
1 0 . 8 - 2 5 . 2 
12.5-2A.5 
1A.7-26. 3 
12 .R-22 .2 
0 9 . 9 - 2 1 . 1 
1 0 . 1 - 1 9 . 9 
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CHAPTER-6 
DISCUSSION 
The observations taken from the seedlings treated with 
various concentrations of mutagens like EMS, DES and ceflelne 
clearly show the Initial stimulating effect of mutagens In 
some cases but Increasingly depressive effect, with the 
Increasing concentration of the mutagens. In all other cases. 
In both the varieties, JWALA and 'G/• Increasing dose 
of mutagen decreases the percentage of seed germination. 
In JWALA and *G^' both 1.5J6 EMS,r..2JfDES and a little more 
than 1.5?^  caffeine resulted Into 50?^  germination (L.D.50), 
^•0?^ concentration of mutagen reduced the percentage of 
germination to nearly 22-25^ in the case of EMS and DES 
respectively while to 2^6»'3p5^  in the case of caffeine (see 
graphs A-P), Reduction in germination following mutagenic 
treatments may be due to the disturbance of the balance which 
exists between the promoters and inhibitors, probably, in 
favour of the inhibitory substances in the seeds (Haberehandanl 
1975). 
» 
IN JWALA 0.5 and 'X0% EMS showed an stimulatory 
e f f ec t and see l lngs were longer whllejl.596 EMS was 
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ine f f ec t ive but 2 . 0 , 2.5 end 3»0 % EMS showed increasingly-
depressing effectsBon the length of the seedlings whereas 
DES 0 .5 end 1.096 also showed s t imule to ry e f fec t while 
1 .5 ,2 .0 ,2 .5 and 3.0J6DES depressed the lengthsof the 
seedlingjjin an increas ing order . But in the case of 
ca f f e ine , no s t imula to ry e f fec t was seen. The concent ra-
t ion of mutagen 0.5-3.096 showed inc reas ing ly depress ive 
e f f ec t on the l eng th of the s eed l i ngs . The e f fec t of 3.0 % 
caf fe ine was most d r a s t i c and the l eng th of the shoot was 
reduced t o nea r ly hal f of t h a t of c o n t r o l . 
In the case of *G, », 0.596 EMS showed s t imula to ry e f fec t 
on the l eng th of seed l ings while 1.0 and 1.596 EMS were 
i n e f f e c t i v e . Concentrat ions of 2 . 0 , 2 . 5 and 3*096 EMS 
showed inc reas ing ly depress ive e f f ec t on the l eng th of the 
shoot , DES showed no s t imula tory e f f ec t a t 0.596 l e v e l , 1.0 
and 1.596 were not very e f f ec t i ve and 2.096 had mild depressing 
e f f ec t while 2,5 and 3.096 DES had very stong depress ing 
feffect on the l eng th of s eed l ings . Caffeine 0.596 so lu t ion 
showed no e f f ec t while 1 . 0 , 1 . 5 , 2 . 0 , 2 . 5 and 3.096 ca f fe ine 
so lu t i on showed very s t rong depress ive e f f ec t s on the l eng th 
of the s eed l i ngs . St imulatory e f f e c t of mutagens a t lower 
concen t ra t ions may be due to t h e i r ; a c t i o n as growth promoting 
substances while a t higher concen t ra t ion they might have acted 
as i n h i b i t o r s (Konzak e t a l . , l 9 6 l ) . 
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CHAPTER-7 
FUTTJRE PLANT OF WORK 
Attempts wi l l be made to ob ta in improved v a r i e t i e s 
through the Induction of mutat ion, co l ch ip lo idy and hybr id i -
z a t i o n . The following experiments w i l l be performed end 
"l» ^ 2 ' ^ 3 ' *"1' ^2*^-^' ^^* ^2 ®"^ ^ 3 genera t ions wi l l be 
s tud ied thoroughly from morphological , cy to log ic el and 
y i e ld and d i s e a s e s - r e s i s t a n c e pointaof view for the purpose 
of developing improved s t r a i n s . 
7 .1 Induction of mutat ion 
Physical and chemical mutagens wi l l be used on 
dry and presoaked seeds . Comparative observat ions on morpho-
logy» y ie ld components and y ie ld of t r e a t e d end un t rea ted 
m a t e r i a l s wi l l be recorded for de t ec t i ng na ture and ex ten t 
of muta t ions . Benef ic ia l mutat ions wi l l be i s o l a t e d and 
t e s t e d for s t a b i l i t y upto M - genera t ion . Both physica l and 
chemical mutagens and t h e i r combinations wil l be used. 
2 ,1 .1 Induction of mutat ion using chemicgl mutagens 
Caffeine,, i EJI^,' DE^,' Will be used Tn s ix dose^ 
of -0.556,'1.096, 1.596.2..0 %, 2.59S and 3*096 concent ra t ion 
In aqueous so lu t i ons for 24 hours / Seeds»presoaked in 
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distilled water for 2A hours, will be treated with aqueous 
solutions of mutagens. These seeds will then be thoroughly-
washed with DW before being sown in pots / field. 
7.1.2 Induction of mutation using physical mutagen 
Pry seeds as well as seeds, presoaked for 24 hours 
in DV, will be irradiated with gamma rays in doses of 10 end 
15 Kr, before being sown. 100 seeds will be taken for each 
treatment as well as for control. 
7.1.3 Combined treatments 
Different chemical mutagens will be given in combi-
nation with gemma rays for effective induction of mutation, 
100 seeds will be used for each treatment. These seeds will 
be soaked in water for 2A hours. Then these soaked seeds will 
be treated with mutagens like EMS or NMU for 24 hours,in all 
given concentrations, then these will be thoroughly washed 
with DW and put in new petridishes with filter papers and 
then exposed to different doses of irradiation (10 and 15 Kr). 
Then these will be sown in the pots already sterilised. 
7.2 Induction of colchiploidv 
The aims of colchiploidy experiments will be two-
fold, first to develop improved lines and the second to 
induce fertility in the sterile allopolypldids. Polyploids 
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and amphidiplolds will be produced and a comparative study 
of the i r morphology and yield components will be made in the 
t rea ted materials as well as in the control . Colchicine diss-
olved in 3% aqueous solution of dimethyl sulphoxide (DMSO, 
after Slddiqul and Majid, l969) will be used in concentrations 
of 0.1 and 0.29^ and these will be used for 20,24, 48 and 72 
hours. Treatment will be given to the dry seeds,(^ertnlriate'l 
seeds, radic le of germinated seeds and growing t ips of young 
seedlings (for 2-8 hours only for the l a s t two raateriels) In 
order to develop polyploid stock. 
7.2.1 Induction of autopolvploidv i 
Production of polyploids (autotetraploids,hexaploids 
or plant of higher iJoidy levels ) wil l be attempted in order 
to produce be t te r f r u i t s end higher yield. 
7.2.2 Induction of emphidiploidv 
Allopolyploids are produced as a result of crosses 
between two distant relatives, varieties, species or genera. 
These are generally sterile. Their sterility will be overcome 
by doubling the chromosome number by using colchicine to 
produce amphldiploids. 
7. 3 Hybrldt'^etlon properamme 
Following varieties of C, ennuum will be used 
for Intervarietel crosses with a view to pooling together 
desirable characters from different, parents: 
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(a) Elephant Trunk (ET) 
(b) California Wonder (CW) 
Cc) Jwala (j) 
Cd) Suryemukhl Black (SB) 
(6) Suryanukhl Green (SG) 
(f) New Red Hot CNRH) 
(g) NPA6 
Similarly £. frutescens and £, pendulum will 
be used for producing Interspecific hybrids (P )« ^ 2 ^^^ 
F generations will be produced by selFlng F and Fp genera-
tions respectively. Morphology, yield end cytogenetics of 
F , F and F generations will be studied, 
7.3«1 J^ nterspecifIc crosses 
Reciprocal crosses will be made between different 
varieties of Capsicum ennuum , C, frutescens and £. 
pendulum. 
7»3»2 Intervarletal crosses 
All the seven varieties of C , annuum. selected for 
experimental, work, will be reciprocally crossed with each, 
other to produce Intervarletal hybrids. 
7.5»3 Production of F and F generation hybrids 
Members of F and F generations will be'self-
crossed to produc*? ^ .. stid F.^  generations respect1.v?"." '^'^o.^o 
i i : 
generations will be studied for desirable gene combinations, 
producing be t te r and more f r u i t s . 
7.3.A Back crosses 
Following back crosses will be performed in order 
to transfer one or a few desirable qua l i t i e s from one parent 
to another : 
7«3«4«1 Back-crosses of P hybrids ( B C - I and BC-2 progeny ) 
F, hybrids of in te rvar ie ta l and interspjecifIc 
crosses will be back-crossed with the i r respective parents 
to oro.duce BC-i generation and these will be self-crossed 
to produce BC- 2 generation. 
7 . 3 . ^ Back-crosses of amphidiploids (BC-i and BC-2 progeny) 
Anphidiploids produced will also be beck-crossed 
with the i r respective parents or the i r autotetraploids to 
produce BC-1 generation and these will be self-crossed to 
produce BC-2 generation. 
7.4 Selection 
Intensive selection experiments will be conducted 
to obtained improved l i n e s . I t i s proposed to adopt both 
mess-selection and orogeny-selection methods. 
7.A.1 Selection from hybrids materials 
This materiel will be comprising/interspecific 
and in te rva r ie ta l hybrids and the i r progenies (P , Pp* ^v 
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BC_i, BC-2 and BC-3 genera t ions ) from which s u i t a b l e 
s e l e c t i o n s wi l l be made. 
7.A.2 Se lec t ion of mutants 
Mutants ( M . ) with des i r ab l e cha rac t e r s wi l l be 1 
I so l a t ed and wi l l be se l f - c rossed to produce M end M 
p l a n t s wi l l be se l f - c rossed to produce M genera t ion . From 
t h i s popula t ion s t a b l e mutants wi l l be s e l e c t e d . 
7 . 4 . 3 Se lec t ion of polyploids 
• Sira i ler ly s e l e c t i o n wi l l be made from the polyploid 
popula t ion , produced through co l ch ip lo ldy . P lan ts with 
de s i r ab l e t r a i t s w i l l be i s o l a t e d (C .) and will be se l f -
1 
crossed to produced C end C will be self-crossed to 
produce C generation. 
7,5 Cytogenetic studies 
Cytogenetic behaviour of the products of the 
above nentioned experiments will be studied during the 
meiosis in the microspore mother cells and will be compared 
with that' of control parents,For this purpose, the 
procedure following Bhaduri and Ghosh (1954) will be adopted. 
This will include the following : 
t?«5.1 .' nvtogenetic study of hybrid material 
This material shall include all F hybrids as 
well as their orogeny. 
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7.5.1.1 Interspecific hybrids 
7.5.1.2 Intervarletel hybrids 
7 . 5 . 1 . 3 Back-cross progeny of F hybrids 
7 . 5 . 2 Cytogenetics of mutants 
These mutants w i l l be of M., M^ and M genera t ion . 
1 2 3 
7 . 5 . 2 . 1 Back c ross progeny of M s e r i e s 
7 . 5 . 3 Cytogenetics of polyploids 
The polyplo ids sha l l Include : 
7.5.3.1 Autopolyplolds 
7.5.3.2 Amphldlplolds 
7.6 Breeding for d i s e a s e - r e s i s t a n c e 
Disease - re s i s t ance of Improved v a r i e t i e s w i l l be 
s tud ied In comparison to the con t ro l and pa ren t s . The 
a b i l i t y of genminating seeds to grow away from pathogens 
p re sen t In s o i l , wi l l be taken as an Ind ica to r of d i sease -
r e s i s t a n c e . Res ls tence of p l an t s aga ins t the pe s t s hrill 5*130 be 
no ted .Res i s tance wi l l be s tudied in the followin/^ manner. 
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7.6.1 Resistance against fungal diseases 
7.6.2 Resistance against bacterial diseases 
7.6.3 Resistance against viral diseases 
7.6.4 Resistance against insect pests 
7.7 Floral biology 
Floral biology of all varieties of C. annuum 
and all other available soecies of Capsicum will be studied 
including the study of longevity of pollen, receptivity 
of stigma and patterns of anthesis. 
7.8 Testing and establishing the selections 
An attempts will be made to start preliminary 
experiments for testing the selections, made during the 
course of this work for determining their genetic purity 
and consistancy. It is Intended to attempt to stabilise 
different desirable characters obtained in selections and 
then the seeds will be released to the farmers through 
proper agencies. 
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